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ELECTRICITY IN THE OLD NAVY. 
By Lrgut.-Compr. A. M. CHariton, U. S. NAvy, MEMBER. 


In these luxurious sea-going times, it is difficult for us of 
the younger generation to visualize conditions aboard naval 
vessels before the introduction of electricity for the manifold 
purposes in use today. Our calm assumption of the comforts 
enjoyed on a modern man-of-war as necessities of life would 
certainly lead our predecessors of two generations back to 
say the Navy was being coddled and pampered beyond reason. 

Ships were lighted by sperm or lard oil lamps. They were 
ventilated by such air as could enter through hatches, ports 
and windsails. when these could be used. In bad weather when 
it was necessary to batten down, there was no ventilation. 
There was no interior communication: as we kriow it today. 
Much of ‘the work done by pleetris motors today was hand 
labor then. 
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But electricity was experimented with, and used for various 
purposes, in these early timés,. It is the purpose of this article 
to show how electricity was employed in the Navy from the 
earliest days until 1883, when the lighting plant of the U. S. S. 
Trenton was installed. 

The earliest use of electricity in the Navy which the author 
has found was the explosion of a submarine mine off Castle 
Garden, New York (The Battery) from the U. S. S. North 
Carolina on the 4th of July, 1842. Mr. Samuel Colt, the in- 
ventor of the revolver, and Mr. Samuel Morse, the inventor . 
of the telegraph, made the experiment. An old gunboat 
brought down from Lake Champlain was filled with rubbish 
and towed away from the ship’s side by a small boat. At a 
distance of three hundred yards from the North Carolina, the 
battery circuit was completed and the gunboat was thrown 
high in the air, much to the astonishment and delight of the 
crowd assembled on the Battery. 
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Electrical submarine mines were employed by both the Fed- 
eral and Confederate Navies: during the Civil) War. The i 
Confederates were successful’ in’ several instances with this 
type of mine, among them ‘being the: damage of the Commo- 
dore Barney in 1863 and the destruction of the Commodore 
Jones. In each case a mine containing’ 1,750 pounds’ of :pow- 
der was. used. The Federals were: entirely unsuccessful with 
electric mines. These mines were made of copper, cast iron, 
rubber, wood and tin, using various amounts of powder and 
fired. from. batteries through wire: insulated with»india rubber 
or gutta percha and hemp. Fig. 1 shows a confederate tor- 
pedo picked up by the Potomac: Flotilla under Commander 
Parker in 1864. .It was three! feet: long: and seventeen anda 
half..inches,in diameter, made of 'sheet: copper: and: contained 
two hundred and ‘fifty poutids: of powder. 

Undoubtedly electric. bells were! used to.some extent haloke 
1870, for in the report of the Chief of the Bureau of Navi- 
gation dated October 20, 1869, is found this item in the esti- 
mate of expenditures for the year ending June 30, 1871: 











“For steering signals and indicators and for speaking 
“tubes and gongs for oo communication on board ships 
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The use -of- electric bells: was: very limited, however. RSs 

Previous ;to this timeuntil the ‘Torpedo Schoolwas estab- 
lished at Newport in 1869, electricity was a closed book to 
most of the service. The importance of the torpedo as an 
offensive weapon became a very live subject and with its use 
came a need for! electrical knowledge.;It may »be: said: here 
that the'term ‘torpedo’ was | applied: to: any:explosive charge 
whether carried on an out-rigger spar or towed astern:ofra 
man-of-war, submerged: in a harbor or:carriedion a vasa boat 
known: as a torpedo boat. 
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Twenty officers were sent each year to Newport for’ tor- 
pedo instruction.) The course in electricity embraced lectures 
on batteries of various kinds;;Ohm’s law, methods of:arrang- 
ing batteries, electric arc lights, magnets and magnetism, and 
various electrical machines for generating voltage. These 
lectures were supplemented by a course of practical work which 
prepared the students to» operate and maintain the: electrical 
equipment necessary for firing torpedoes, Working with elec- 
tricity in connection with torpedoes naturally led the personnel 
of the Torpedo Station to experiment with its use for other 
purposes. 

The use of electricity for firing torpedoes as opposed to con- 
tact detonators: was made mandatory by the desire to place the 
firing apparatus under control, thus rendering the torpedoes 
safer to friends and easier to handle, By 1874, electricity was 
almost exclusively employed as a firing agent. 
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Three types ‘of apparatus were employed to obtain firing 
current : frictional ‘machines, galvanic batteries and induction 
machines. 

Smith's frictional machine (Fig. 2) consisted of a circular 
ebonite plate (the generator), which was revolved ‘by :a‘crank 














between two pieces of sheet brass: (the rubbers) covered with 
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thick flannel over which was sewn oiled silk. :‘Two:small brass 
collectors were placed one over and one under the generator: 
A condenser of alternate plates of ebony.and tinfoil'was placed 
below the generator and rubbers.» The alternate tinfoil: plates 
of the condenser were connected: to the rubbers and collec- 
tors. When the generator plate was turned, the condenser was 
charged and when the circuit to the fuse was closed, the con- 
denser discharged. This type of machine was: never issued 
generally to the service as experiments proved: that the fuse 
required was extremely sensitive and dangerous, could not 
be stored for any length of time, and finally it had such high 
resistance that any ground in the system rendered firing im- 
possible. 

Many types of batteries were tested: at the:‘Torpedo Sta- 
tion and countless experiments made to determine their char- 
acteristics. Among the types experimented with; the follow- 
ing were the most used : 

Daniell’s Battery consisted of a zinc plate in a solution of 
zinc’ sulphate or sulphuric acid anda copper plate in a) satu- 
rated solution of copper: sulphate. . The battery with proper 
care would give a constant current for months.. The E. MoF. 
of the cell was about .98 volts and the current obtained ranged 
from .1 to .25 ampéres, depending, on. the size; of) the cell,! 

The Gravity Battery was a modification of, the Daniell; In 
the bottom of a glass jar ‘was a. copper’ plate surrounded: by 
crystals of copper sulphate; to: the copper plate:was' soldered 
an insulated wire which led to the top of the jar Ini the:top 
of the jar, which was filled with water,.an annular/zine plate 
was suspended. . The E.. M.:F.:was 1 volt, and :the: current 
varied from .4 to:.7 ampéres: 

«The LeClanché ‘Battery consisted).of:a glass jar anda 
porous cup glazed for half its.length.,' In the porous cup was 
placed a carbon plate surrounded by gas carbon and manga- 

nese peroxide. The top of the porous cup was sealed with 
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pitch.» The glass: jar:containedia zine rod and was: half filled 
with a:weak solution of ‘sal:ammoniac. The E. M. F. was 
about 1.5 volts:and the current’ was half an ampére. This 
type of battery: polarized rapidly and so was not used for con- 
stant service. For intermittent ‘service such as ‘bells or signals, 
it would:last for nearly a year without changing the constitu- 
ents. 

«The Station Battery was much used: »It consisted of a :zinc 
plate in-dilute sulphuric:acid anda carbon plate in a mixture 
of nitric acid and a solution of;bi-chromate of potash, the lat- 
ter being ina porous cup. This;battery stood up very: well. 
Its E. M. F: was about 2: volts:and the current varied from 4 
ampéres when first ‘set up to: 2:ampéres at the end of two 
weeks, 

These: batteries were all wet cell primary batteries. There 
was no ampére hour rating established, the usual designation 
being “ quart” or “ half-gallon’’ size. 

In torpedo work the batteries were used for three purposes; 
signalling, testing ‘and firing. 

- For signalling’and testing, a weak ‘current which would. not 
fire a fuse was required and for’ firing, a large current was 
nécessary. For this reason it was specified that for signalling 
and ‘testing, the battery cells should always be put in series. 
The fuse’ issued to the service at this time (1874-75) took 
about’ .6 ampére to fire it. For testing and signalling, the 
Daniell, ‘Gravity or Le Clanché cell: was used, and for firing, 
the Station’battery was employed, although in the Trenton’s 
installation in 1877 (described below), Le Clanché cells were 
used for: both ‘purposes. ' 

‘Itis interesting to note that at this time the unit of quantity 
of electricity was called the farad» and: the ampére was called 
the weber, This was:before the date of the International: Con- 
gressin 1882, which designated the nomenclature in’ use ‘to- 
day: | » ey vdeo bobith 
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Two types.of. induction, machines were used: magneto-elec- 


tric machines, using permanent magnetism. for, field excitation 


and dynamo-electric machines using generated current for the 
field, 


Beardslee’s Magneto-Electric. Machine (Fig, 3). consisted 




















































































































































































































BEARDSLEYS Neeihgee Frectric MACHINE. 
1G. 9 


of,.a. star-shaped. compound | magnet of hard: iron with ten 
points, alternating. in. polarity, which. revolved. between two 
horizontal, rows of. bobbins, one:.placed over and one under 
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the magnets. - The’ bobbins had soft iron cores and each was 
wound with 1,320 feet of fine silk-covered copper wire (No. 
23 B. G.). The bobbins were secured to two large iron rings, 
ten to each ring, the distance between the centers of the bob- 
bins being equal to that between the points of the magnets. 
The upper row of bobbins was all wound in one direction and 
the wires from each bobbin were led out toa keyboard on top 
of the machine, by means of which the bobbins could be con- 
nected in series or in parallel. The lower row of coils was 
similar in all respects to the upper one and the wire ends were 
connected to a second keyboard. The keyboards were ar- 
ranged with metal strips to which the keys could be connected 
in various combinations. These metal strips were in turn con- 
nected to terminals on top of the case to which the external 
circuit was connected. ‘The magnet was turned by hand and 
as the rotating field passed by the coiled conductors, an alter- 
nating current was induced. The connéctions to the keyboard 
were as follows: d,d, etc., are stout metal bridges on which 
the keys can press and are separated by. strips of ebonite from 
two long metal strips a,a, placed. one on. each side of the 
bridges; c,c, etc., are metal projections on the strips a,a, against 
which the keys may bear. The keyboard is so constructed that 
when the keys bear against the bridges d, d, there is no contact 
with the projections c,c, and hence no connection with the 
strips a,a.. As shown inthe figure, the coils are connected in 
series. Enough current was obtained from this machine to 
fire the service fuses used at this time (1874), about .6 ampére. 
A smaller set with a six-point magnet and six coils connected 
in series without a keyboard was furnished for boat service. 

A small induction machine known ‘as Bréuget’s was at one 
time issued to the service but the power obtained was so small 
that there was great uncertainty in firing fuses and its use 
was abandoned. Its action was as follows: moving the arma- 
ture away from a horse-shoe magnet changed the intensity of 
the field which induced ‘current inthe coils wound’ on each 
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pole of the magnet. The movement of the lever which 
brought the armature away from the magnet also connected 
the coils to the external circuit. A condenser was put across 
the coils and its discharge, when the lever was pressed, assisted 
in firing the fuse. 

In 1875, the machine issued to all vessels of the Navy for 
firing torpedoes was Farmer’s dynamo-electric machine. Pro- 
fessor Moses Farmer was attached: to the Torpedo Station and 
was known at that time as a rather eminent electrician. His 
machine (Fig. 4) was a bi-polar, series-wound, direct current 
generator operated by hand. The voltage obtained was ‘about 
16 and due to the high resistance of ‘the armature (5 ohms), 
only a little over 3 ampéres was obtained on short circuit. The 
machine consisted of the electro-magnets, the armature and 
the commutator. The field cores were two slabs of soft cast- 
iron EE, and the field coils A,A, were of coarse silk-covered 
wire. The slabs E,E were scored out at their lower ends to 
surround the armature. ‘They were secured at the top by an 
iron plate B, which carried two lugs for the bearings of the 
cog-wheel axle, arid at the bottom were bolted to a composition 
bedplate H. This plate had two lugs D; which formed the 
bearings’ for the axles K: of the armature’ A. The armature 
was of the best quality of soft wrought iron, in which longi- 
tudinal scores were cut. In ‘each of these scores a number of 
turns of fine silk wire were wound to form the armature coil 
C. To each end of the armature were bolted brass discs F and 
_ EF’, which carried the axles K. On the rear axle was secured 
a brass pinion P, which geared into the cogwheel F and served 
to communicate motion to the armature when the crank was 
turned. eee, tae 

The commutator consisted of a cylinder of ebonite or ivory 
secured to the axle. ‘T'o this cylinder were secured semi-cylin- 
drical copper shells insulated from each other by ‘the ebonite. 
On the commutator pressed two brass springs (brushes) which 
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were secured to the insulating brackets mand n. ‘The whole 
machine was placed:in: a metal-strapped hardwood box and as 
issued to the service, weighed 116 pounds: 

A firing key was used, arranged so that the KE. M. F. could 
be built up to its maximum as rapidly as possible by putting 
a low resistance (.01-ohm) across the terminals. ‘The key- 
boatd also permitted the: introduction: of a large resistance 
(200:ohms) into: the external circuit so that sufficient current 
could be obtained to test the circuit without firing the fuses. 
A compass needle used with this coil showed a deflection when 
the circuit was complete. 

Referring to the figure, when no keys were pressed, the cur- 
rent flowed, from the machine to B,:a, c, B’ and back to the 
machine: For testing, T) was pressed. which broke the con- 
nection between. a and:c, and the current flowed to B, a, along 
d, to, T’, out to the fuse, back 'to T” through coil C to c,B’ and 
back to the machine. . 

For firing, T and F were both pressed so that most of the 
current coming from T” passed through the low resistance g 
and very. little through.C, enough going through the latter, 
however, to deflect the conipass needle. 

The resistance of the fuse was about 1 ohm and the resist- 
ance of the leading wires to the fuse was also taken as 1 ohm 
(equivalent to 350. feet:of No. 14 wire). 


On short circuit. the current = ort 3-19 amps. 


16 


For testing, the current = iiiaresco * .077 amps, 


For firing, the current. = 16 





5 Kes 2.26 amps, 


200 X .O1 


Shitt+ 
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‘ Inva/lecture by Lieut. John P. Merrell, U.'\S.:Navy, at New- 

port:in)187%5, from which the above description:of Farmer's 
machine is taken, the following advantages of this type of 
machine ‘are: given > 

“Farmer's machine seems to be peculiarly adapted dion use 
in offensive torpedo operations, 

“. It has. abundant power. When turned: by ‘hand iit. can 
be depended upon to fire a fuse through a resistance of twenty 
ohmis: (equivalent:'to 8,000 feet of Siemens’ cable) provided 
the insulation: is ‘good. 

“TI. When intelligently handled, its. action: is; .certain;.at 
least as certain as any mechanism can be expected: to be: 

‘TI. By means of the firing key, the continuity of the, cit- 
cuit can be tested at any time. 

“VI. It is. not at all affected by changes in climate. 
“VEL. It will fire through poor insulation: ) Nearly all: the 
large machines so far issued have fired through 600 feet of 
No. :14' B.' G.' naked copper wire» submerged. in, sea water 
*° * *-an amount of faulty insulation not likely: to be en- 
countered in practice. 

“ VIII. The machine can be placed at any part, of the, ship 
desired and the:firing key taken to;the bridge or-station.of \the 
officer operating the vessel, thus placing the control.of the fire 
immediately: in his hands.” 

Early in 1874, the North Atlantic: Fleet held torpedo ex- 
etcises off Key West, Florida... Twenty-five: vessels. were 
present: and fourteen fired torpedoes during, the exercises. 
The target consisted of seventy-eight. barrels.secured, toa 
light wooden’ framework and. arranged in three.tiers..., The 
upper tier contained: forty barrels, ten, by; four; ;the second, 
twenty-four, eight by three; and the. lower, fourteen,, seven 
by two. » The bungs of-the two lower, tiers were left out, so 
thatthe barrels might fill with water, but.at most the target 
drew but four. anda ‘half, feet; of water....As the: torpedoes 
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were submerged to a depth of twelve feet, the target was lit- 
tle more than a point of aim, no explosive effect’ being: ob- 
tained. 

The target was set adrift and the vessels.approached it: in 
column open order, the Wabash leading, followed by the Con- 
gress, Ticonderoga, Canandaigua, Ossipee, Colorado, Brook- 
lyn, Wachusett, Kansas, Lancaster, Franklin, Alaska, Shen- 
andoah, and Fortune. 'The speed of the vessels was four to 
five knots, except ‘the Franklin two to three knots and the 
Fortune about ten. The wind was very light and the water 
smooth, without sea or swell. 

All torpedo spars were rigged on the starboard side. These 
spars varied in length from forty to sixty feet, and carried 
torpedoes which contained from seventy-five to one hundred 
and ten pounds of powder, usually in a cylindrical case. Some 
of the vessels fired their torpedoes by battery, and others with 
Farmer’s dynamo-electric machine or Smith’s frictional ma- 
chitie. Eighteen torpedoes were intended 'to be fired'on this 
practice, but seven failed to explode for various ‘reasons. No 
damage was done to the firing vessels except to some of the 
torpedo: spars. : 

It seems rather ludicrous to us’ today that vessels’ should 
seriously consider the possibility of maneuvering within fifty 
feet of an enemy, dragging a submerged forty-foot spar with 
its attached mine, but when it’is considered that “great gin” 
practice was held at this same time at 600 and 1,000 yards, 
it does not seem ‘so impossible to get alongside an enemy: with- 
out annihilation. It was hoped too that occasions might arise 
where the enemy would be come upon at night or when: an- 
choréed, so that a torpedo could be fired more advantageously. 

The practice served at least to give officers an idea of:tor- 
pedo firing, which many of them had not witnessed. before, 
and to reassure them of the safety of one’s'own vessel when 
the ‘torpedo was exploded at’ the end of the spar.: 
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The following description of the wiring system for firing 
torpedoes installed on the /ntrepid in the early part of 1876 is 
taken from a report by Lieutenant-Commander Royal B. 
Bradford,'U. S. N., who supervised the installation and’ did 
much of the work himself: 

*) *o* The wooden deck of the Intrepid being only 
from 2% to 3 feet above the water line and the fact that this 
deck is covered with water’ at sea, renders it impracticable that 
any connection between permanent ‘wires and spar leading 
wires should occur above the deck. Besides this, I considered 
that it was very important to have the permanent wires pro- 
tected by the armor of the ship and below the water line when 
possible; also that as little wire should be exposed as: practi- 
cable. Accordingly 114-inch holes were bored through both 
decks (the distance from the top of the wooden deck to the 
bottom of the iron one being 17 inches) as near as. practicable 
to the heel of the spars. In these holes were placed: iron 
pipes, made watertight through the deck, connected with a 
brass casting on top, the latter being constructed so as to re- 
ceive a rubber gland, packed with a brass cap: The’two lat- 
ter are such as used for fuse connections with cast irom tor- 
pedoes. The short spar wires pass down through these pipes, 
and connect below to the permanent wires. * 9 *>.* 

“T considered the best location for the exploding ‘apparatus 
was in the pilot house, so that it, the wires connected with it, 
and the operator might be protected, — from the 
fire of rifles and Gatling guns.: 

“For these reasons the apparatus was placed in the pilot 
house’ and this of course necessitated all permanent wires) be- 
ing led from there. Having long been an advocate of voltaic 
batteries for torpedo work, one was recommended: for the 
Intrepid, and besides being approved by you, was subsequently 
specially ordered’ by the Bureau of Ordnance. 
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‘The ordnance. storeroom in the after end, of. the: ship 
seerned the best adapted for the storage of this battery; and 
here:.a shelf, was utilized for:that purpose by simply placing 
another shelf above it with holes cut after the manner of, an 
ordinary tumbler rack on board ship.’ The battery, placed’ here 
consisted: of 48 Le Clanché cells connected, four ‘for’ quantity 
or conductivity and, twelve. for intensity or in: series: ,Two 
spare cells were also furnished. * * *. It-was not deemed 
advisable to dispense: with Farmer’s machine, since the use of 
voltaic batteries is, as yet, but an experiment. It was, thought 
that the best» place for the machine ‘would be, on: the berth 
deck immediately imder-the pilot house where: it: and the’ oper- 
ator would be entirely protected and where the operator could 
be easily spoken to from the pilot. house. 

“The Intrepid shad' two torpedo; spars...*)-*, .*) as! the 
Intrepid is fitted to carry four torpedo spars, two were fur- 
nished: from this station. 

“From what has been said, it will be seen that,it. was nec- 
essary to run nine permanent wires from. the. pilot house. to 
different: places:in the ship, as follows, ‘viz, Two to voltaic 
battery in:ordnance storeroom, two'to terminal. binding screws 
on berth deck for Farmer's machine, four to terminal binding 
screws abreast of torpedo spars for spar leading connections, 
and one toa permanent earth. How to run/these wires was 
a difficult matter to:decide. The whole. of the! inside of. the 
ship is ‘of iron and. great care must, be exercised .to..prevent 
chafe of insulation, for if a naked wire, touches the. ship.an 
earthois formed:at once. .*..*.. *,|,Along.-the, inside, of the 
ship's frame, nearly down to the bottom of the boilers, runs 
fore and aft»an iron girder, and, it was decided, to run the 
four wires going aft through lead pipe, and,,secure this. pipe 
tothe girder. ‘This was done; the lead | pipe extending as far 
aft as the starboard: after spar: terminal.’, From, here one; wire 
crossed the deck, protected by an iron beam, to the port after 
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spar terminal, and two more wires continued aft to the ord- 
nance storeroom to connect with the voltaic battery. The 
after part of the ship being lined with wood, these wires were 
stapled to it and covered with tin gutters or scotchmen, These 
last three wires were covered with an extra linen thread braid- 
ing, rubbed down with a paraffine mixture and varnished. A 
piece of this same lead pipe led from pilot house to berth deck 
forward to machine terminals, the other two wires continuing 
on to terminals for forward spar wires. One of these on the 
port side had to be protected from the galley by being led 
through lead pipe. The earth wire was run through a small 
lead pipe to a berth deck beam: and connected ‘to. the latter by 
means of a brass binding screw. The permanent wires are 
connected to the spar wires in this manner: Small walnut 
shelves are secured to.iron bulkheads with brackets, directly 
underneath the pipes in-the-deck, In the middle of these 
shelves is placeda brass binding screw, terminating on the 
bottom in a countersunk cavity. The permanent wires are 
connécted to the binding screws in this cavity before the 
brackets are secured to the bulkheads, the insulation of the 
wire extending inside of it. After the connection was made, 
the cavity was filled..with a melted waterproof compound 
that, when cold, was'hard. In this way the connection was 
protected from rust and salt water as well as insulated. The 
terminals for Farmer’s machine were arranged in the same 
manner. ; 

“Tt remains now, only to describe the testing and firing 
apparatus placed in the pilot house. The keyboard (Fig. 5) 
was placed on a shelf at a convenient height for working. the 
keys and secured with dowels and buttons. * * * The 
wires connecting with the keyboard and their corresponding 
binding screws were similarly tallied, so that no mistake could 
be made in connecting and disconnecting them. The first time 
the keyboard was used, as well as afterward, it worked very 
satisfactorily indeed.” : 
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This keyboard was quite an improvement over those pre= 
viously issued to the service:=-Béfore this keyboard was de- 
signed, only Farmer’s machines could be used as no arrange- 
ments were made. for using a battery. The testing coil on 
former boards had no permanent magnets .N,S (see Fig. 5) 
to hold the compass=néedle;"so.that it was necessary to turn 
the board as the ship changed course, to keep the plane of the 
coil in the meridian. ‘This“was no~easy task with several 
wires attached to the board. 


DIRECTIONS FOR USING KEYBOARD, 


If using battery, shunt_plug 2 must be out at all times. If 
using machine, 2 must remain in. 

To test firing circuit, take out shunt. plug 1, press firing 
keys and note deflection of compass needle A, showing that 
circuit is complete. To fire, putin plug 1 and press firing 
key. 

Fig. 6 shows a number of fuses used for firing torpedoes. 
The fuses for use with the various machines were the same 
in outward appearance, the difference being in the igniter. - 

For frictional machines, a sensitive compound in the ig- 
niter exploded when the disruptive discharge occurred, which 
in turn ignited the rifle powder of the fuse. The sensitive 


compound was composted of : “ 
Potassic chlorate....... 45.00 per cent. 
Antimonious sulphide. ..20.75 per cent. 
Red phosphorous....... 5.75 per cent. 
Carbo vive i dele ees 28.50 per cent. 


For magneto-electric machines, the break in the wire (not 
over .05 inch) was bridged with plumbago obtained by rub- 
bing a soft lead pencil in the groove at A, (Fig. 3 of Fig. 6). 
The passage of the current heated the plumbago sufficiently to 
ignite the powder. 
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FIG: 6. 
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For dynamo-electric machines and batteries, the break in 
the wire was bridged with a 3/16 inch piece of fine platinum 
wire. When the current passed, this wire was heated to in- 
candescence and the powder was ignited. 

These various types of igniters were all devised by Lieut. 
Bradford. 

In 1877, a battery installation for firing torpedoes and guns, 
and for a call bell and fire alarm system, was installed on the 
U. S. S. Trenton. 

The apparatus furnished was for two. distinct purposes; 
first, firing guns and torpedoes; second, calls and automatic 
fire alarm. 

That intended for guns and torpedoes was designed to place 
the firing under the control of a single officer stationed on 
the bridge, who was able to fire any gun or torpedo when it 
was ready. It was arranged to have the fact that a gun was 
ready signalled to the control officer by the gun-captain, who 
could throw out this signal if he‘ were'changing the point of 
aim. The gun-captain also had a signal’ at the gun to tell 
‘him if his circuit were complete and ‘a switch under his con- 
trol to open the firing circuit if for some reason the gun 
should not be fired. On the bridge was an instrument called 
the Annunciator, which in shape and size resembled: a stand- 
ard compass. Inside along the sides were two rows of four 
ports each, corresponding to the guns in broadside. At either 
end were two more ports corresponding to the bow and’ quar- 
ter torpedoes, Outside of the instrument, but protected by 
a brass shield, abreast each of the ports was a firing: key. 
There was also a firing key for each broadside. 

In the rear of each gun’on the gun deck: overhead, was an 
instrument called a “ tell-tale”: which showed when a current 
passed through the circuit to the gun. The two wires leading 
from the tell-tale were terminated in’an instrument called the 
primer connection, which furnished'a ready means of putting 
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the primer into the circuit: On one:of the wires between the 

tell-tale and primer connection was a switch which was held 

by the gun-captain. . When the primer. was connected and. the 

gun-captain’s switch elosed, the tell-tale, which was a gal-~ 
vanometer, revolved two red quadrants in a white field before ’ 
the gun-captain’s eyes. At the same time, a red signal bear- 

ing the number of the gun showed in the corresponding port 

‘in the annunciator on the bridge. ‘There was sufficient resist- 

ance in this signalling circuit in the annunciator to prevent 

the primer being fired, but when the corresponding firing key 

was pressed, the firing battery was connected to the circuit 
and the primer fired. 

The, object of the tell-tale-was to show the gun-captain that 
his circuit was complete, and at the same time he knew the 
bridge had been informed. It also took the place of the order 
“ Ready ” to the gun crew, as the tell-tale was in plain sight 
of them all. The tracks of the gun deck battery were marked 
for concentration of fire and a “ Director’ was made to ship’ 
on top of the annunciator so that the broadside could be con- 
centrated and fired from the bridge. 

We thus see director firing in use forty-three years ago. 
‘This was the first installation of this type in the U. S. Navy, 
and probably the first electric system in the world. The Brit- 
‘ish had a director system as early as 1829, but electric firing 
~was not used. The Trenton’s system approached remarkably 
close to the system in use today considering the gear in use. 

The guns were laid in elevation and trained so as to con- 
centrate on one point of aim, the firing officer was notified 
when the guns were ready and the broadside could be fired in 
salvo from the bridge. Fig. 7% shows the electrical circuits 
for the starboard battery. The electrical circuits for the tor- 
pedoes were the same ‘as those for the guns. except that there 
were no tell-tales.. As the connections: were made on the spar 
deck in sight of the bridge, none were necessary. 











A¥aLivg 190g —<—— 


2181 — NoLnaa, OO 1 
ANBIVQ  davogavic 
liaisag 
et MIN TH INV ONIaly: BOLITIIG 


Awalivgd ey A 


OE} aio efay 
ae faay opal 


Xam Onn 
= Sy. 
ae 


+ Syouvronnnny &; r : t ~ 


























Patan 
tyes 
































a 
: 











4V DW TIL 


HOLIMS 
‘ gNIvidv> No] 


> 
> 
< 
Zz 
a 
i 
© 
= 
E 
s 
E 
S 
4 
5 
Bi 
J 
ww 



































634 _ ELECTRICITY IN THE OLD (NAVY. 


The spar deck guns could be fired electrically by using such 
of the torpedo circuits as were not in use. 

There were three galvanic batteries in use on board the 
Trenton. ‘The cells were all of the Le Clanché type, modified 
by Lieut. G. A. Converse, U. S. N. 

The testing battery was composed of twelve cells arranged 
six in series and two in parallel, thus giving 8 or 9 volts and 
about 1 ampére at the battery terminals. This battery oper- 
ated the tell-tales at the guns, the annunciator on-the bridge 
and tested the primers.. The resistance of the tell-tale and 
annunciator coils prevented enough current from flowing 
through the primers to fire them. On this testing battery 
were also connected four eight-inch gongs located one each 
near foremast and mainmast and on the gun and the berth 
decks for general alarm purposes, general quarters, fire quar- 
ters, and for signalling to the powder division while at quar- 
ters. 

The firing battery was composed of twenty cells arranged 
five in series and four in parallel, thus giving about two 
ampéres at seven volts. This battery fired the gun and tor- 
pedo primers. There was a large excess of power in this bat- 
tery as a single cell-on short-circuit would fire a primer. 

The third battery, consisting of four modified Le Clanché 
cells, was the bell battery. Connected to it were five small 
bells for the use of the Commander-in-Chief and the Com- 
manding Officer to call their stewards and orderlies, and for 
the Executive Officer- to call'-the master-at-arms. To this 
same battery were connected five thermostats located one in 
each of the four coal bunkers and one in the general store- 
room. ‘The thermostats) were, set to: give warning when the . 
temperature of the spaces_theywere in, rose to 140 degrees F. 
The thermostat consisted of a cylindrical metallic case within 
which, and insulated from it, was a metallic spiral spring 
composed of two strips of metal of different expansibilities 
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under heat, soldered together‘ and coiled into a spiral.’ The 
most expansible metal was on’ the inside of’ the spiral: As ‘the 
temperature rose; ‘the spring uricoiled and when the temper- 
ature rose’ to the point ‘for which the instrument was: cali- 
brated, the end of the ‘spiral made contact with a lug onthe 
case'and the circuit! was completed. An annunciator ‘and bell 
were located near the cabin door, where the captain’s orderly 
could see which space ‘had’ attained a dangerous temperature. 

At the:same time that ¢lectrie firing of torpedoes was being 
perfected, experiments were being conducted ‘with electrically 
controlled moveable torpedoes and torpedo: boats.’ Among 
these’ was the Lay torpedo. It was a cigar-shaped vessel, ap- 
proaching' the form of our :present torpedoes. It was twenty- 
three feet long and weighed about a ton. ‘The first Lay tor- 
pedo purchased by the Government ‘was delivered early in 
1878.' It: was’ propelled by carbonic acid: gas'and controlled 
by electricity, a cable being paid out from the’ torpedo as’ it 
advanced: through the water: “Much trouble’ with’ the’ gas- 
making apparatus and the gas chambers’ in the torpedo devel- 
oped, ‘and it was not until’ 1875: that a torpedo was’ perfected 
which would function at all. Experiments were made on va- 
rious models of this torpedo until the early ’80’s; but it’ did 
not prove sufficiently successful to be issued to the’ service. 

The electric control was effected by ‘means of 'a’ battery— 
thirty-six'cells in’ series being used with one type of ‘torpedo 
—a five conductor ‘cable,'a ‘“ pole-changer’’ and switchboard 
and a series of solenoids in the torpedo. |By meatis of these 
solenoids, the torpedo could be started or ‘stopped; ‘steered to 
port or’ starboard; the indicators for showing the position of 
the torpedo ‘(by day’a ‘vane’and by: night? a ‘light)” raised! or 
lowered; the rudder indicator panded; and the theneeail in! ‘the 
magazine fired.’ 

The solenoids for the’ first three operations _cuskiineds a slide 
valve, the: movement of which allowed ‘gas 'to ‘get om one’ side 
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or the other of.a piston.,, By, means.of, the: pole changers, the 
valves were, moved in the direction,.desired, thus opening or 
closing the throttle of the propelling engine,. raising or low- 
ering the position indicators and moving the rudder to port: or 
starboard, For indicating the position of the rudder; the fol- 
lowing device, was.used in combination with, two pole changers 
on the keyboard:—-The. pole changers were geared together 
by. insulated toothed wheels, which were. fixed on the spindles 
of the pole changers so that the latter worked accurately to- 
gether and maintained the same relative position to each other. 
One pole changer was. connected, by one.of the wires in the 
cable,to,.a shunt. on.the torpedo. _ This;shunt) was connected 
in turn to.a set of magnets arranged. in combination with the 
valve of the engine that drove. the: steering, apparatus. >This 
valve, allowed. gas to. enter, the steering ;engine,and, move’ the 
rudder,.to port -or, starboard, .In order|that: the operator, on 
shore might know the exact position of the. rudder at: any mo- 
ment, a) series of pins: fixed on an are on;the rudder: post and 
arranged. in combination with an. insulated spring projecting 
into, the, path of these pins, was employed,, This spring was 
connected. by.one of the cable wires to the second of the two 
pole; changers so that the current. for. indicating the rudder: po- 
sition would be reversed at the same time the current for mov- 
ing the rudder was.reversed. A separate battery was-conniect- 
ed. with the. indicator on the keyboard so-that a constant cur- 
rent was maintained, between this index and. the’ wsaniadiind ap- 
paratus, on,the torpedo. 

The, current. passing ‘from the! spring to the shote was made 
to indicate the position of the rudder as follows':;, The indi- 
cator. mechanism..consisted of two nfagnets with .4,-vibrating 
armature, pivoted ‘to: oscillate, between) them.’ This armature 
‘was connected through gears and ratchets tothe »indicator 
pointerj,; Thus -the ) indicator pointer, was \connected to | the 

spring: near ;the ,arc,;on!,the jruddér post of»the torpedo... As 
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the rudder ‘moved ‘in: either direction; the pins on''the rudder 
are came: in contact with the spring and a succession of im- 
pulses’ was sent through the wire to the armature: At each 
movement of the armature, the indicator pointer was moved 
one’ step to the right or left, thus indicating at all times the 
position of the rudder. 

The ‘firing’ of the torpedo’ was accomplished “by “a combi- 
nation’ of electrical and» mechanical means.’ Two: resistance 
coils were used, one on shore and one in the torpedo’: “These 
coils were in series' and: had ‘sufficient resistance’ so that’ when 
both were in circuit, the:torpedo could not be fired, ‘but! with 
either cut out,’ the battery would*explode the primer: °If the 
totpedo»was to be°fired;from shore, the shore ‘resistance coil 
was cut out and upon closing the switch, ‘the circuit was com- 
pleted through the other’ coil and’ the primer, ‘and’ the ‘charge 
was exploded.’ If it was‘desired to fire on’ contact; the firing 
switch'on shore was closed: With the 'two coils itt’ seriés, the 
torpedo would not fire. On contact with’ the target,’a ‘plunger 
on the nose ‘of ‘the torpedo was‘driven in; short ciréuiting ‘the 
coil in the boat, and the charge was then exploded: ' 

In another type of torpedo, arrangements were made for 
opening: with a solenoid a valve which allowed’ sufficient water 
‘toventer the torpedo’ to’ sink it! Another solenoid operated’a 
valve which allowed gas from the’ gas chamber to’ ‘expel: the 
water‘and so'to raise ‘the torpedo ‘agaiti: 

To ‘prevent the expanding ‘carbonie acid vas from’ freezing, 
another model of the torpedo had’ an alcohol famip which 
could be lighted. off by an electric spark ‘actuated’ from ‘shore. 
The:gas was thus ‘superheated message to —. its’ ‘freez- 
ing. 

The! Lay’ septs was éxperimented with for several years 
and:in‘sinooth water it! could be made’ to “function! with ‘some 
degree of ‘success.’ “Its'range was bit! a’ ihile ‘anda half How- 
ever;!and its’ speed did! not“come up to’ the! expected ‘Hifie ‘tints 
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at that range. .The greatest, speed: obtained on the trials: at 
Washington was about, six and three-quarters knots. It was 
very delicate and unreliable and complications: of :a: trailing 
cable, numerous magnets, poorly insulated cable and the ne- 
cessity, of|.carbonic. acid -making. machinery, all militated 
against its use on sea-going vessels. 

The performance of the Whitehead torpedo about this time 
showed its. superiority to other types, and. the Lay —— 
was |abandoned. 

During the, year 1876,/an investigation was seit at the 
Torpedo Station to determine the relative merits of several 
of the most;-noted dynamo-electric machines then before the 
public and their applicability to the:purpose of producirig elec- 
tric light. Among the: machines experimented with, were the 
Gramme, the Wilde; the. Farmer, and the Siemens. 

The, Gramme.machine was a small one ‘using about one 
horsepower to: drive it,at 1,800 revolutions per minute, and 
producing alight varying from 275 to 425 candle-power while 
running at that speed... It was a seriés generator with an 
armature resistance of..6 ohm and:a field resistance of about 
1,3 ohms. 

The,,Wilde machine was an alternating current generator 
with two armature circuits. One circuit was connected toa 
commutator and supplied. current for the field, while. the other 
circuit provided current. forthe external circuit. |) The» ma- 
chine ran. about*600, revolutions per minute, and the. lamp 
gave out about 3,600 candle-power. . Something, over 6 honne- 
power was necessary to maintain this power.| tag 

The Siemens’, machine was. found to: be very astininctoty. 
It was of a type used in the British Navy (1874) for the pro- 
duction.,of ,electric light. previous to. its test at the ‘Torpedo 
Station. It. was.the largest and most powerful machine ‘in’ use 
at. the: Station, at,'this. time. . The Siemens’. generator «was ia 
series machine with. four: field, coils; ,/The armature contained 
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about 100; pounds of wire and the field some 360 pounds more. 
At the normal speed of 370) revolutions. per’ minute, forty to 
fifty ampéres were deyoloped at.a. voltage of about 50. About 
4,000 candle-power, was. obtained at the normal running speed. 
The machine was.strong and well built,and did not give much 
trouble. The commutator brushes. had to be adjusted occa- - 
sionally inorder to, keep down; sparking. . Fig, 8: shows. the 
Siemens’ dynamo. 

With, the ‘Siemens’ machine. came a, very ingenious auto- 
matic lamp, having, with; it.a|catadioptric, apparatus consisting 
of a .small,,reflector, behind. the light and.a Fresnel lens in 
front of the arc. The lens was nearly twenty inches in diam- 
eter and of excellent construction. 

The sketch. '(Fig.'9,) shows the. working. diagram of the 
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automatic’ apparatus.” E> isa’ magnet’ with its armature A 
placed a. short’ ‘distance in front’ of the poles. ‘A’ regulating 
screw b with a spiral spring f is attached to’ the lower end of 
the lever A, forcing it against the ‘stop d ‘and withdrawing the 
armature from the poles of the electro magnet.’ When’ a suf- 
ficiently strong current traverses the ‘coils of the latter; the 
armature is attracted, contact is made at'¢ and’ the’ armature 
coil is short circuited. The armature is then released, breakirig 
the contact at'c, the coil is again energizedand A attracted. 
Thus a vibratory motion is produced which continues as long 
as there is sufficient current to overcome ‘the tension of the 
spring. 

The spring pawl s at the etid of’ A actuates’a’ ratchet-wheel 
#, which'is in’ gear with a train of wheels 'to the carbon hold- 
ers. It opposes their tendency to approach by pushing them 
apart tooth by tooth until the current is so much weakened by 
the length of the arc that the armature and lever cease to 
oscillate, and s is out of mesh with u. The preponderant 
weight of the upper carbon holder causes the carbon points 
to approach again. Increase of ‘current follows decrease of 
resistance and the armature corfimences to oscillate again. In 
action, the movement of the carbons. was scarcely perceptible. 

Fig. 10 shows the arc-light reflector and stand. The lens 
was surrounded by a metal case or lantern in which the arc 
light was placed on a slide for focusing. Behind the arc 
was a hemispherical reflector to throw the rays forward 
through the Fresnel lens. This lens theoretically sends forth 
all the light rays in a horizontal direction. The entire lamp 
was capable of revolving on horizontal rollers and was swung 
upon pivots. Due to the rapid vibratory motion, the lamp 
mechanism wore out rather quickly. 

In order that the operator should not have to look at the 
arc itself, a focus observer was provided, by means of which 
an image of the arc was thrown on a screen at the back so 
that the lamp‘totld be adjusted: 
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Several machines devised:.by Professor Farmer, electrician 
of the Station, were experimented with... The first-was a com- 
bination: of .¢ight type. A. torpedo-firing generators -(Fig. 4). 
They were geared together to run at a speed of 1,500 revolu- 
tions.. per minute, and ‘would, give: as much ‘as,5,000.,candle- 
power for'a short period: at, this-speed. - The internal heating 
was too great, however, for long:continued. service. 

Other machines designed -by; Mr..Farmer and manufactured 
by Wallace. and.,Sons;were tested at the Station; 

The Signal Officer of the. Navy became interested in sents 
machines and lights.as he was very desirous of. obtaining/an 
efficient night-signalling amp. Two methods. of; signalling 
were tried. In the first, three strips of|platinum about 2;inches 
long, 3%) inch wide!.and...003 inch thick, were arranged. ver- 
tically, one over. the other about»ten feet apart. . Three resist- 
ance coils and three keys were provided; and. so arranged that 
by pressing the various keys, one, two or three lights. could’ be 
shown,. The Meyer code-was. used, 1, 2 or, 3 in this code being 
indicated by the number of lights shown . The.keys were: ar- 
ranged so that when a: light:,was cut out, .a resistance coil was 
cut in, thus keeping the resistance of the circuit nearly constant. 
These incandescent strips gave about 75 .candle-power when 
maintained at a temperature.of 3,000. degrees F.- This tem- 
perature. was maintained by means of an automatic. current 
regulator. This method of signalling never progressed very 
far, due to the rapid oxidation of the platinum and: its great 
cost. 

The arc-light signal: was,on. exactly the same. principle) as 
our present-day signal searchlights.. The lamp. was. hooded 
and a Venetian blind shutter, operated. by. a. lever gave the 
means of signalling, long and,short, flashes, .. Signals were re- 
corded at a-distance of eight. miles,and the light.was seen at 
a distance of twelve miles. ..These experiments were: witnessed 
by Commodore. Foxhall, Parker, U,.S. N., then, Chief Signal 
Officer of the Navy. The tests were so satisfactory.to him, 
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that the firm of Wallace and Sons; of Ansonia, Conn.; was 
asked to furnish a generator and are light to the Torpedo Sta- 
tion for test, with'a view of purchase and installation aboard 
ship if satisfactory. 

In the fall of 1876, a machine and light were furnished by 
Wallace and Sons to ‘the Torpedo’ Station. The whole appa- 
ratus was of peculiar appearance’ and construction viewed from 
the modern standpoint (see. frontispiece ). 

The generator consisted’ of four magnets held’ between two 
cast iron upright pieces, and a’shaft; with bearings! in the up- 
rights, carrying the armature wheel)’ The ‘whole stood ‘on a 
bed plate, to which the upright ‘pieces: were secured.’ A bolt 
connected the two uprights for rigidity. 

The machine and bed were 28 inches high, 3414 inches long, 
and 18 inches wide: Four legs were supplied with the ma- 
_ chine which ‘when bolted to the “bed plate, raised the machine 
eighteen inches. ‘The'entire machine weighed 918 pounds, of 
which the legs’ formed 118 pounds, other cast iron parts 576 
pounds, copper in fields 138 pounds, ‘copper in armature 45 
pounds, brass spools about 20 pounds, ‘and steel siete about 21 
pounds. 

The cores ‘of ‘the electro-magnets were ‘cast in one with 
the uprights, two’ on each.. The field coils were wound! 'on 
brass spools shaped''to fit the cores. They ‘were wound with 
wire .128 inch in diameter’ in eight layers of forty-eight turns 
each—a total of 384 turns. ‘The wire was insulated with 
braided cotton impregnated with shellac. The resistance of 
each coil was .601 ohms at’70 degrees F; 

The armature wheel was 13° inches ‘in’ diameter, and on 
each face cartied an armature of’ twenty-five bobbins. Each 
of thése’ bobbins had four coils wound on it!’ A coil consisted’ 
of two layers, each of forty-five’ turns, so that each bobbin 
carried 360 turns of ‘wire. This wire was. .047 inch in diam- 
eter and’ was of copper covered with cotton en impregnated 
with shellac. 
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All the coils on each'side-of the armature wheel were con- 
nected ‘toa. commutator having 100 divisions, ‘The’ resistance 
of each armature’ was’ 4.89‘ ohms: at’ 70 degrees’ F: 

The commutator brushes, two for each! commutator; were 
of small copper wires: bound together and ‘soldered: 

The diameter of the armature wheel was) such’ that when 
revolved, the bobbins were presented: in succession “opposite 
the field coils. The air gap between armature and wen was 
about 4% inch. 

The machine was connected with the field ‘coils ‘in series and 
the :armatures in parallel. The . internal: resistance’ of'' the 
machine then was 4.85ohms;: (4 X .601L) (5 4:89). 

When sed ‘to produce light, 5:3 horsepower: at''7'70' réevolu- 
tions per minute:gave 13 ampéres at L00'volts at the terminals. 
The arc was about 3/16 inch. Total ‘resistance of ‘the’ citeuit 
was about 7.5 ohms; Outof the 1,300 ‘watts ‘available-at the 
terminals, ‘some:'400 was lost in the: field, so; that’ only ‘about 
900 watts was available for the arc; light.’ ‘The average candle- 
power of the arc was about 700. ‘The. efficiency of the ma- 
chine:was a little over 80 per cent: 

Various experiments were run withthe field coils onnace 
in parallel instead of'in series, but the results varied’ so much 
that fittle\data of value was obtained.’ USL 

The automatic: lamp furnished: by ‘Wallace and Soins was 
very 'simple:in’ its construction and actioni.‘The:carbon points 
were ‘madé/to: approach each: other by the’ greater weight’ of 
the upper’ carbon-holder and; when the two: carbons were in 
contact, were made to separate and afterward ‘niaintain the 
requisite distance ‘by the attraction: of two — Pag on 
their ‘cores or armatures. 

The upper carbon-holder had a deney Paton win Was sus- 
pended ‘by two thin metal: bands; secured to: the circumference 
of two metal wheels of equal diameter situated on opposite 
sides of the carbon-holder. On the axles ofthese: wheels) were 
two! similar’ wheels of half! the: diameter: From» these latter 
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wheels. the two axial magnet ‘cores: were suspended.) =A) cross- 
head, to which was, fixed the lower carbon-holder, connected: 
the two armatures... By: this arrangement, the upper carbon 
travels at; twice the rate of the lower carbon and:when the upper 
is connected, to, the: positive: side of the line, the light maintains 
a,.constant position. 

The magnet-coils were. in the light circuit an the action of 
the. lamp: was:as: follows :-, With carboris in contact, when the 
current is turned on, the armatures are attracted: downward, 
carrying with them the lower catbon-holder;:and:by means! of 
the: metal,-suspending:bands, producing :a: partial: revolution ‘of 
the large: and ‘small wheels.. This-movement caused: the:upper 
carbon, to move upward, twice the distance that the-lower ¢ar- 
bon; ,had.moved downward;  As:soon! as the carbons; were’ 
separated; the arc:was struck. With the resistance of the cir: 
cuit decreased, the pull.on the solenoids was lesseried:and the 
weight of the upper carbon-holder tended to bring the carbons 
into contact, thus, decreasing the resistance and: increasing the 
pull, on, the solenoids,, which: would again separate the car- 
bons. When the upper carbon-holder was properly weighted, 
the arc. was very. steady. The carbons would. burn _ an 
hour, which was found to be a disadvantage. : 

This apparatus was installed on the U.S. S. Hartford and 
was tried out for many nights while the vessel. was: off the 
South American ‘coast in 1878. The ‘ship did ‘not: find the 
outfit very satisfactory as the grooved armature: wheel ‘broke 
from. the centrifugal stresses set up. The perfection: about 
this time of the Very rocket system of night signals caused 
the signal. searchlight: to be abandoned for many years.:: It» is 
believed that the Hartford’s light was looked on. as little more 
than a toy during: its ‘test, for a number of officers who were 
on the vessel at: this time (1878). failito reniember its exist- 
ence, 

Experiments were sniocin at the Torpedo Station ino 1877 
with the telephorie, invorder, as the report: says, to: ascertain: 
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its suitability for communication between the bridge and pow- 
der magazine, as well as other parts of a ship. -It was found 
feasible to communicate over ’a circuit having a resistance of 
22,000 ohms and a capacity of 8 ‘microfarads.’ “The report 
‘also ‘stated that’ it would be entirely feasible to communicate 
through an ocean cable at least five hundred miles long. This 
optimistic prediction has never been fulfilled as far as the 
author knows, although trans-Atlantic telephony is said to 
be possible by the use of a cable composed of spaced repeating 
coils invented by Professor’ Pupin. This’ system’ will prob- 
ably never be attempted because of the success of radio tele- 
phony. 

In 1879, the steam launch Swecess was fitted up at the Tor- 
pedo Station as an electrically-controlled torpedo’ boat. This 
boat was an English-built, ‘so-called lifeboat: latinch, and? was 
fitted with Herreshoff boiler and engines. By means of mag- 
nets, controlling’ valves’ and fittings,-and energized ‘from a 
shore battery through a five coriductor cable paid out’ as the 
boat advanced, it could be started, ‘stopped or backed, turned 
to starboard and port, two countermines could be dropped and 
fired and a spar torpedo carried on the bow could be dropped 
and fired: The controlling devices for this boat were of much 
the same nature as those used in the Lay torpedo and were 
open to the same objections. 

In 1881-82, Captain Thomas O. Selfridge, U. S.-N., then 
in charge of the Torpedo Station, devised a system of éléctric 
lighting for war purposes. 

In ‘his report he said, “A light for this purpose ‘should be 
one ‘that, as‘ far as’ possible does’ not light up the ship’ from 
which ‘it’ is thrown; should slowly ‘but constantly ‘revolve back 
and forth lighting successively arcs of the horizon “and at the 
same time can’ be easily and ey thrown and kept upon any 
object at tést or in tiotion!’””’ 

“To fulfill the above —— the’ following wg. ipa was 
assembled : 
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A. Brush generator designed to supply current for three arc 
lamps in series. 

Two. Brush arc lamps: arranged slits motors and shunts as 
described: below for searchlights. 

As. the machine purchased ‘could carry shee arc lamps and 
only two were purchased, the capacity for the third was taken 
up by twelve Maxim incandescent lamps arranged in parallel 
—five in the wardroom, two inthe engine room, two on the 
berth deck, and-three for the running lights, These Maxim 
lamps were. similar to Edison lamps inappearance, the fila- 
ment being of paper instead of bamboo fibre. 

A “ potenial trough,” described below, was used to regulate 
the system.when one or, both arc lights were cut out. 

The dynamo. was located on the berth deck, where it, was 
driven by a pumping engine. Four. insulated..wires led from 
this deck through the forward coal bunker.and up.to. the 
drum-room. above the boilers. Two of these wires, conveyed 
the main current. from the machine, the other two carried a 
branch circuit to the berth-deck lamps. 

In: the drum-room were placed two terminal binding poets 
a.and.a’ (see Fig. 11),-having a switch b between them.. One 
of the generator leads came to this switch, the vevrtiibed 
to a-switchboard A inthe: pilot house. 

The circuits for the incandescent lamps came off at,the 
switch b. »As the resistance of each incandescent lamp when 
hot.was 16 ohms, the twelve lamps in parallel had a resistance 
of 1.83 ohms, very nearly the same as an arc light. 

As it was desirable. to have a means: of .extinguishing.,one 
searchlight without. diminishing the illuminating power. of the 
other or so increasing the current as, to endanger the :circuit, 
it was necessary to adopt some method of. keeping the-current 
unchanged when, a lamp was thrown out of circuit...No,re- 
liable rheostat being on hand, Lieut,-Comdr; Caldwell devised 
a potential trough by means of which a difference of potential 
equal to that between the terminals of an arc lamp was opposed 
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ELECTRIC LIGHTING SYSTEM ON BOARD U.S.S: NINA. 1861 
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to the E. M. F. of the machine when the lamp was thrown out. 
In other words, a storage battery was put in to “buck” the 
circuit. 

The potential trough consisted of a wooden box 15 inches 
long, 6 inches wide and 8 inches deep, divided into two equal 
parts. Each part was further divided into eleven compart- 
ments by plates of glass. standing vertically in grooves in the 
trough. Over each plate of glass a rectangular sheet of lead 
17 inches by 534 inches was. bent so that it hung equally on 
the two sides. The compartments were filled with dilute sul- 
phuric acid and the whole comprised essentially two unformed 
storage batteries of eleven cells each. 

The switchboards, by means of which the batteries were 
introduced into the circuit, are marked A and A’ in the figure. 
Each consisted of a piece of hard wood, on which were fixed 
the contact pieces cand c’ and the binding posts d and d'. The 
method of switching over is self evident. 

The resistance of the storage battery was .1 ohm, that of 
the external circuit 6.5 ohms, and-of-each lamp 1.5 ohms, and 
the voltage of the machine 125. If we suppose the current to 
be the same when going through the lamp or through the bat- 
tery, then letting e equal the voltage of the battery 





I25—e _ 125 
(6.5—1.5)+.1 6.5 
é = 27 volts 


Taking the E. M. F. of a lead acid cell as 2.4 volts, it was 
therefore necessary to put in eleven cells. This arrangement 
worked very well, each light being turned off frequently with- 
out affecting the other. It is evident, however, that continued 
running with one light cut ott would overcharge the battery 
and that finally the plates would disintegrate unless the bat- 
tery were discharged at intervals. 

The lamps were of 4,000 candle-power das: were fitted with 
locomotive reflectors. One lamp was located amidships on 
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each beam of the Nina, fitted: with a hood and revolved 180 
degrees by means of an ingenious motor-driven mechanism. 
The motor for each arc lamp drew its current supply from the 
lamp. circuit. ' 

Referring to Fig, 12, the lamp and reflector U are hung 
on gimbals similar toa compass, sustained by trunnions rest- 
ing on small iron pillars T, which.are bolted to a circular. plate © 
A. To this plate is secured the geared semi-circle D, on which 
works the pinion F. . It. will be noticed that D. being geared 
on its inner and outer faces, will give a reciprocal motion as 
the extremities of the arc are reached. The pinion F and its 
shaft are confined in a conical guide but have sufficient play to 
walk around D. The upper plate, free to revolve, sustains the 
lamp, reflector_and hood, and rests by means of a bolt O on 
a hardened bronze bearing at the bottom of the socket B.. To 
the upper end of the pedestal P (which is a piece of: 5-inch 
pipe) is, fastened the fixed plate R.. To this, plate is secured 
the motor which revolves the lamp. . Part of the lamp current 
is shunted through the motor. 

The motor was. designed by. Professor. Farmer of the Tor- 
pedo Station and. was in the form of an irregular, box closely 
fitting about the pedestal and secured underneath the bed plate 
upon which the lamp turns, the dimensions being about 8 
inches X 11 inches X. 62 inches, 

There were four..systems of. magnets, each system being 
composed of. six, short cores wound with insulated wire and 
situated 60 degrees apart. All of the coils in each system 
were wound. in parallel, but, arranged so that, the coils were 
alternately of North and, South polarity. Two of. the: sys- 
tems comprised the field and were fixed one at each end of 
the box, the magnetic circuit being completed through. the 
iron ends of the box. .The other two. systems of bobbins were 
fixed to.soft iron discs mounted on a shaft, the whole. com- 
prising the armature. The armature bobbins were so placed 
that when all were opposite to the field bobbins at either end, 
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those at the other end were midway between their fixed bob- 
bins. Each set ‘of movable bobbins had a commutator and 
brushes. ‘The motor was series wound, the current going 
through the two sets of field bobbins in series and then through 
the two sets of armature bobbins in series. 

The resistance of the motor was less than half an ohm. ‘The 
shunt had about the same resistance in order to obtain a half 
revolution of the lamp per minute. The motor revdlved about 
600 revolutions per minute’ and this motion was geared down 
through a worm and pinion to a gear wheel which turned the 
pinion F. When during the revolution it was desired to stop 
the lamp and point it in a certain directicn, the arm M was 
turned, which disconnected the pinion H from the worm L, 
at the same time breaking the motor circuit. The arm N 
working directly on the gear train turned the lamp to any 
desired bearing. 

The installation of incandescent lamps was the first made 
on a vessel in our service and although incidental to the search- 
light installation, paved the way to the electric lighting plant 
on the Trenton in 1883. (The Trenton’s installation was de- 
scribed in the August, 1920, JouRNAL oF THE AMERICAN So- 
CIETY OF NAVAL ENGINEERS. ) 

The foregoing comprises, it is believed, the most important 
as well as the most interesting points of electricity in the Navy 
during the period covered. It must be remembered that from 
the close of the Civil War up until the early ’80’s, the Navy 
was in a rather parlous condition. Little money was appro- 
priated for building and very little for exnerimenting. 

The successful exploitation of the incandescent lamp and 
especially the building of large reliable generators to run these 
lamps gave an impetus to electrical development 1 in the Navy 
as in civil life—an impetus which still carries on the forward 
movement to ends unthought of by these snes experimenters 
in the electrical field. 
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NOTE. 


The following references were consulted in writing this 
article: 

Reports of the Secretary of the Nevy. 

Reports of the Torpedo Station. 

Sleeman’s Torpedo Warfare, 1880. 

New York papers, 1842. 

- Ordnance Pamphlets, 1875. 

Log U. S..S. Hartford, 1877-78. 

U.S. Naval. Institute. 

Franklin Institute. 
Smithsonian Institute. 

























EX-GERMAN, BATTLESHIP OSTFRIESLAND. 


EX-GERMAN BATTLESHIP OSTFRIESLAND. 
By Lieut.-Compr. Kart F. Smita, U. S. Navy, 
MEMBER. : 





The Ex-German Battleship Ostfriesland. was a ship of the 
first line, started in 1909 ‘and launched in 1911. - Length 
over all is 548 feet, 2 inches, with an extreme ‘breadth of 
94 feet. Normal draft is approximately 28 feet''6 inches, 
giving a displacement of 24,064 tons. It! ‘has ‘been reported 
that the Ostfriesland showed remarkable sea going quali- 
ties, behaving extremely well in a sea way. This, however, 
has not proven the case on present runs, due, probably, to 
absence of the stores normally carried in the lower posi- 
tions. While at the Dock Yard, Rosyth, an inclining ex- 
periment was made to determine the metacentric height and 
location of center of gravity and center of buoyancy. Di- 
mensions were taken from a small scale drawing found on 
board and sketches of the amidship sections and water planes 
checked up by dimensions taken aboard ship. At the time of 
the experiment, the displacement was 20,552 tons; a weight of 
60 tons was placed at a distance of 87 feet from the middle 
line to incline the ship. A pendulum 25 feet long was used 
to measure the list. The normal swing was found to be 1 1/16 
inches for each 15 tons dead weight, added. From the 
formula— 





ee ne EAD si 
Minty tan0 I nae 
20,582 XS j 


we see that the G.M. is 7.6 feet. From the metacentric dia- 
grams at 24 feet 6 inches mean draft, it was found that B 
was 10.6 feet below the water line. At 28 feet 6 inches draft, 
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B was found to.be,12,.4 feet below the,water line. M was 40.2 
feet, above. the keel, therefore G. is equal to, 40.2 minus.7.6,or 
32.6 feet above the keel. It is unusual to find so large.a meta- 
centric height on a vessel of this type. The Ostfriesland was 
one of the Flagships at Jutland and from reports received 
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TABLE 2. 


from British sources, inflicted considerable, damage .on the 
British Fleet, especially on H.M.S, Warspite. : From. all in- 
formation at. hand, and appearances of compartments, it is 
believed that the Ostfriesland was mined or torpedoed at. Jut- 
land or on returning to port after action; the torpedo, or mine 
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piercing’ the skin of ‘the’ ship on the starboard side’ forward 
between frames 80 to 90 causing the flooding of the pacar 
conipartments : 


(a). Carpenter’s store, room. 

(b) Starboard clothes room. 

(c) Magazine K8. 

(d) Starboard’ dynamo room. 

(e) Outer lower passageways, frames 80 to 94: 
(f) Outer upper passageways, frames 80 to 94. 
(g) Protection bunkers. 


The data, given in Table 1, apparently worked: out at the 
time of the accident, is interesting, as it shows the actual trim 
and list after the accident, and when finally corrected. 


CONDITION ON TAKING OVER THE “OSTFRIESLAND.” 


The Ostfriesland with a German crew aboard, was towed to 
the Firth of Forth ‘by another German Battleship, Nassau. 
Steam was on two boilers for auxiliary purposes and for steam 
steering. 

Immediately upon the arrival of the Ostfriesland off Burnt- 
island an inspection party of officers and men from the Chatta- 
nooga, Panther ‘and destroyers moved aboard to inspect the 
ship. 

The Gefmans tried to light off fires in dead boilers, but this 
was stopped in time;.. On the arrival of the Hancock’ with the 
Ostfriesland detail a thorough inspection was made - and 
showed the machinery to- be ‘apparently in fair condition, but 
with all piping of brass or copper removed, all gauges gone, 
and leads chopped and disconnected wherever possible. The 
Gerrans evidently ‘attempted to damage all motors before leav- 
ing ship and had disconnected all motor generators apparently 
with the intention of removing them. ‘They had torn apart 
or cut in two ail electrical leads to cranes and winches and 
auxiliary machinery. 
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All pipe lines showed considerable corrosion, bolts and nuts 
being frozen and badly corroded’ and valves frozen shut on 


- steam and drainage lines. An attempt had been made to re- 


move all drawings which would be useful to the Americans, 
and what few drawings were found, had been deliberately 
mutilated in an attempt to make them illegible. This was espe- 
cially true of the plans of the drainage and steam lines. The 
conditions were such that it was considered absolutely neces- 
sary to test all the lines and examine all valves, but it became 
evident that practically the entire steam, piping of the ship 
would have to be packed as the packing had deteriorated to 
such an extent that no expansion joints could be set up. It 
took nearly two weeks to free the valves and bolts throughout 
the engineering department so that the pipe lines might be 
removed for test. While the first official inspection seemed to 
indicate that ninety days at least would be required to put the 
ship in condition, after considerable cleaning was done, the 
condition of the machinery was found better than was expected 
and repairs were completed forty-eight days ahead of the esti- 
mated date of completion. 

Considerable vandalism was found throughout the depart- 
ment, and the Germans had deliberately befouled all spaces 
where a mari could possibly go. Human feces were found in 
bilges, in corners, in wash basins and even in. officers’ state- 
rooms and baths. Owing to the absence of any drawings, dur- 
ing the first two weeks considerable difficulty was experienced 
in clearing the ship of water. Attempts to pump out one bot- 
tom or compartment would lead to flooding another compart- 
ment in the extreme end of the ship. As soon as the lines were 
traced out, this difficulty stopped in a big measure. On leav- 
ing Rosyth, after docking, all machinery of the ship, both elec- 
trical and steam, was in commission, except the four forward 
generators and turret gear. The four forward generators 
were dismantled to supply spare parts for the after four. This 
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was done for the reason that the forward starboard generator 
rooms had been under water and the insulation of the genera- 
tors badly affected. 

The following is a general description of the Engineering 
department of the Ostfriesland, 


MAIN ENGINES. (SEE FIG. 1.) 


The main engines are in separate water tight compartments 
with no communication between them except by water tight 
voice pipes and telephones. Water tight bulkheads are car- 
ried to the second deck, well above the water line. Lwubrica- 
tion is wholly wick or gravity feed (see special features). 
Water service is provided to all bearings and crosshead guides. 
All valve stems and piston rods are soft packed, the rods hav- 
ing adjustable stuffing boxes (see special features). All cylin- 
ders, except high pressure, are provided with operating valves 
similar to the old Lancaster, but no by-passes are fitted; this 
has a tendency to cause engines to stick on center when. ma- 
neuvering. There are three four cylinder, triple expansion 
engines with cylinders 42 X 63 X 67 X 67 inches, stroke 48 
inches, estimated indicated horsepower 26,000. All cylinders 
have piston valves; one on high pressure and two each on 
intermediate and low pressure. The crank sequences are H.P., 
F.L.P., LP., A.L.P. The H.P. and F.L.P. cranks are at right 
angles; the I.P. and A.L.P. being placed as nearly as could 
be determined 190 degrees from the H.P. and F.L.P., re- 
spectively. This, in conjunction with the varying crosshead 
widths, is apparently an attempt at more perfect crank balance. 
The Wing Engines are out turning and the Center Engine right 
handed. ; 

~ Diam. Piston rods—H.P. 7 3/4 inches, I.P. 8 inches, 

F.L.P. 8 inches, A.L.P. 6 3/4 inches. 

Diam. Valve stems—H.P. 4' 1/8 inches, I.P. 3 inches, 

F.L.P. 3 inches, A.L.P. 3 inches. 

Diam. Crank shaft-17 inches. 

Diam. Crank pin-17 inches. 
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Diameter cross head pins’''9 3/4 inches; varying lengths. 
The cylinders are not jacketed. There are brakes on all shafts 
to keep propellers from turning over when engine is idle and 
to allow coupling up underway. 

From data found aboard, the German method of operating 
is indicated. (See Table 2.) 


MAIN CONDENSING PLANT. 


The main condensers, together with their air and circulating 
pumps are in separate water tight pump rooms, which are abaft 
their respective engine room. compartments and: are entered 
through water tight door from stairway leading to engine 
room. All stairways are in water tight chutes from engine 
room doors to berth deck. All condensers are cross connected 
so that any or all condensing units may be used on any en- 
gine combination, an. additional valve (butterfly) being in- 
stalled between each engine and the main exhaust cross con- 
nection. (See Fig. 2.) The auxiliary exhaust can be turned . 
into main exhaust through a valve in the middle engine room. 
Condensers are of usual type. 


Length ei. Os 11 feet 6 inches. 
Diameter... 2) ....00..5 8 feet 2 inches. 
Tube diameter... .... 11/16 inch. 

Tube length........... 9 feet 10 3/4 inches. 
Tubes, number........ 5100. 


Cooling surface 9,000 square feet, approximately. This 
cooling: surface 
indicated horsepower 





would give a ratio of = 1.04 at full 


power (approx. ). 
- CIRCULATING PUMPS. 
The main circulating pumps are centrifugal with suction 
connections to main injections and main drain lines or through 


main to auxiliary drain lines. Discharges are to main con- 
densers or when on main or secondary drains, by-passed over- 
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engine is compound, 8 X 12 X 8 inches. 














AIR PUMPS. 


Single. acting. 

Steam cylinder. 

Water cylinder. 40 inches, diameter. 
Stroke, 24 inches. 


THRUSTS, SPRING BEARINGS, ETC. 


tube stuffing box is of usual type: 


Four bladed, adjustable, detachable blades, 





board blade after face. 






board through by-pass in division plate of condenser. 





The 


‘Thrusts are of ordinary horseshoe type with eight collars 
and seven shoes. Spring bearings are of usual type. ‘Stern 


SHAFT, 
Thrust! ‘shaft. . 2) .55..45 -, 16 inches diameter. 
Line *eltatt: “Pit. 201 DAR 16 inches diameter. 
Pail hatter eo. Tee. 3 16 inches diameter. 
PROPELLERS. 


Increasing 


pitch, hub to tip. Diameter, 18 feet. Average pitch, 22 feet 
‘9 inches. Data taken while in dock by  clinometer, on star- 
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Entering. 





Average. 
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It will be noted that the pitch is greater on the entering edge. 
Only one blade was pitched and I am under the impression 
that the blades have been accidently inter-changed, Time, was 
not available to check other blades. 


REVERSING AND JACKING ENGINES. 


The reversing engine is of the usual type, steam operated, 
through worm and gear. 
The jacking engine is electrical with hand connections. 


SHAFT BILGE, PUMP, 


On the forward end of each main engine is a single: acting 
shaft bilge pump, 7 inches x 7 inches. 


EVAPORATORS AND DISTILLERS. 


There are four evaporators, small bent tube type,, similar 
to the Weir type, of about 145 square feet of evaporating sur- 
face each. No reducing valves are provided, but coil pressure 
is repulated by wire drawing. These evaporators are located 
two in:each wing engine room. One distiller of ordinary type 
and carbon filter box is situated in each wing engine room. 

There are two distiller circulating pumps, of the duplex type, 
4X 5 X 4 1/2 inches, in each wing engine room. Evaporator 
feed is taken from distiller discharge. 

This installation was apparently built with the intention of 
using: only: on make up feed at sea, as'the distiller capacity is 
limited: to ‘one evaporator. Running: on make, up: feed; ‘the 
vapor discharges through spring loaded valve directly to aux- 
iliary exhaust line and then»to: main: or auxiliary) condenser, 
thence through air pump to main feed tanks whose overflow 
runs s direct to double bottoms. 


MAIN FEED TANKS. 
One feed tank with ordinary baffles, and filter boxes in each 
engine room. The overflow runs to reserve feed tanks. Tanks 
are equalized through main feed line, 3 
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BOILER STATION. FIGS. 1 ‘To 5. 


The boiler. spaces run from frames 54 to 75 (note German 
numbering is from aft), leaving a magazine space of nine 
frame spaces between after fire room and forward engine 
room. 

There. are: hres. groups of fire rooms, the forward group, 
containing three boilers and apparently. used for auxiliary 
purposes., The after. two groups.contain six. boilers each, three 
abreast with working platform between. These groups are 
divided by fore and aft water tight bulkheads into nine sepa- 
rate fire rooms, three: containing but one boiler and six con- 
taining two boilers each. ‘These bulkheads are carried to’ the 
protective deck. 

There is no communication between one except ay voice 
pipe and telephone. 


BOILER STATION, 


The main boilers are of the Schulz-Thornycroft Type, 
similar to our Ohio type with 1,428 tubes per boiler. The tubes 
are 1.3/8 inches (O.D.) and divided into three nests, -form- 
ing two furnaces. Tube lengths (mean) of wing nests 11 feet 
Y 1/4 inches (approximate) and of ‘center nest 8 feet 8 1/2 
inches (approximate). ‘The main steam drum constructed. in 
two ‘sections, upper half 3/4 inch and lower or tube ‘sheet 
1 3/8 inches, is 55 inches in diameter and 106 inches long. 

The mud drums, three in number of 5/8 inch plate’are 
21.1/2 inches inside diameter’and 106 inches long and are 
cross connected at the rear by a 10 inch circulating pipe.16 
feet 8 inches long. 

The furnaces, two per boiler, have a grate surface of 49 
square feet, or a total of 98 square feet, for each boiler. Each 
furnace has three fire doors or six doors per boiler. 

Boilers are fitted for burning oil in conjunction with coal, 
one burner being installed over the middle door of each fur- 
nace. 
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‘BOILER FITTINGS, 


Main and Auxiliary Feed’ Stop: and Check: Valves. 

Stops’ and Checks are of the ordinary type but differ from 
our practice in that there is but one boiler ‘Stop connected by a 
Tee to main and auxiliary checks. ’ 


INTERNAL ‘FEEDS. 


The internal feed leads into center of the main drum and 
extends back about three quarters the length of the drum and 
is perforated both top and bottom. 





BOTTOM AND) SURFACE BLOWS. 


Scum pan is circular, about two feet in diameter, located 
near the front end of the drum and connected through the sur- 
face blow line to the master, valve. 

Bottom blows are connected to each mud drum, the wing 
drums being connected by a flange’ and goose neck to bottom 
blow lines, the center drum having similar connection on front 
-head, 

All blows, both surface,and bottom, are controlled through 
their own valves, and in addition there is a globe master valve 





t ’ 
> controlling all. From the master valve blow lines are con- 
. nected to a four way valve,having connection to bilges, over- 
t board discharge, and reserve tanks. 

AIR COCKS. 
é 
. Air cocks are of the ordinary type. 
6 AUTOMATIC FEED. 
~ Each boiler i is fitted with automatic feeds which have now / 
bs ; been, disconnected, i ae Geen scokatl ee 

GAGE GLASSES:/(| 19! liut 36 siei5q 

i, Gage’ glass’ fittings, ' two to each Biter’ ate a decided i im- 


os provement over t the usual type. The — are installed it a 
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fitting having a ball face socket fitting over a ball joint at- 
tached to, steam.drums.,.The upper fitting is.attached to.a.valve 
stem which can be moved.to clamp or release the, frame... With 
this arrangement, a gage glass. complete can be removed and 
replaced in less than half a minute. 


FIRE EXTINGUISHERS, 


Each boiler is equipped with fire extinguishers, four to a 
boiler. These are located at the front and rear of each fur- 
nace. Salt water is taken from the wetting down line through 
a horizontal globe valve having a very coarse thread on the 
valve stem. A lever coming through the floor plates connects 
with this valve. The valve is completely opened by Sheging 
this lever, to the “‘on’’ position, 


SAFETY VALVES. 


The safety valves, two to each boiler, are plain flat seated 
valves, controlled by a flat steel spring about 16°1/2 inches 
long. Two studs secured to the valve body have a strap pass- 
ing over the top of the springs and this forms the only adjust-" 
ment for lifting as there are no timing or adjusting rings. 
This valve is enclosed in a plain cylindrical casing. “There is 
no adjustment to insure reseating at a determined pressure.” 

A reach rod from the floor plates permits raising a valve 
by hand or locking shut for testing without the use of gags. 
In case of valve failing to seat, this may be used to seat the 
valve. 


BLOWERS. 


. 
The blowers for the forward three and after. six boilers, one 


for each boiler, are driven by compound engines, opposed, with 
inclined cylinders 5 29/382 &K 9 27/82 X 4 7/8 inches. These 
operate at full boiler pressure. 

Blowers for the middle group of firerooms are turbo driven 
with reduction, gears... These blowers have an, independent 
circulating pump for water service or can take water from 
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flushing and fire mains,’ Forced lubrication is obtained by 
means of a chain driven oil pump. Closed fireroom system 
is used throughout. 


PUMPS.,. 


In each group of fire rooms there is one Main Feed, one 
Auxiliary Feed and one Fire and Bilge Pump. The Main Feed 
pumps are located in the starboard wing fre rooms and are 
all duplex. The Auxiliary Feed Pumps are located in the port 
wing fire rooms and are also duplex. The middle and after 
fire room fire and bilge pumps are duplex, Weir type, and are 
located in the center fire rooms of each group. The forward 
fire room fire and bilgé pump is simplex. 


_ PUMP SIZES. 

Main Feed. 
Forward Group;-41 7/8 X 7% 1/2-X 13 inches: 
Middle Group, 15 XK 10 X 16 inches. u 2 


After Group, 15 X 10 X 16 inches. 
Auxiliary Feed. 
Forward Group, 11 13/16"X?°11716 X 14 inches. 
Middle Group, 15 XK 10 1/16 X 16 inches. 
After Group, 15 & 10 1/16 X 16 inches. 
Fire and Bilge. 


Forward Group, 13 3/8 .8 3/8 X18 inches. 
Middle Group, 11 7/8 X 7 15/16 X 16 inches. 
After Group, 11 7/8 X 7 15/16 X 16 inches. 


4 


ASH EJECTORS. | 


In each fire room is an ash ejector hopper (nine hoppers). 
Ash ejectors are similar to the See’T'ype with above water dis- 
charge. 
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MAIN STEAM LINES. 


It will be noted from/Fig. 1, that the forward three boilers 
are not connected directly to the main-steam| line, and were 
apparently designed to do all of the auxiliary steaming in port. 
‘There are three-main steam lines in middle:and after fire room 
groups, in the port, middle and starboard fire rooms, respec- 
tively. It is apparent, not only from the fact that the piping 
. from the port fire room was brought amidships, but also from 
the fact that all important wiring is carried on the starboard 
side of the ship, that the German tactics probably contemplated 
port side action whenever practicable. The boilers of the mid- 
dle group of fire rooms have no cut-out between the boiler 
stops and main steam line. The cut-out for the middle group 
of fire rooms is located in the after fire-rooms, this: necessi- 
tates two boilers being killed in the middle group to work on 
any one boiler or steam line, 

The after boilers are all provided with a cut-out. between 
the boiler stop and main steam line. The connections: of all 
main lines into the cross connection of the three engines are 
in the center engine room. 

Underway, to use the forward ‘hice boilers which are con- 
nected through the cross connection to both sides of the aux- 
iliary steam line, two cross connections to the main steam 
line are provided in the center engine room. 

All cut-out valves of the main steam line, as well as boiler 
stops can be closed from the protected deck by means of reach 
rods. These reach rods are provided with ratchets which 
allow movement of the valve in one direction only. ‘The valves 
may be closed:from deck but must be opened from below. This 
is a decided advantage over most of our installations. 


AUXILIARY STEAM LINE. 


The auxiliary steam line, as will be seen from Fig. 1, is a 
double loop system, so constructed that no matter what section 
is damaged, steam may .be.sent.to any piece of machinery 
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around the loop. .This.is true for-all machinery, except the 
generators. The forward three boilers are connected directly 
to the auxiliary stéam line, which runs aft to the center engine 
room and is there cross connected to the main steam line. Fig. 
1 shows the auxiliary steam connections 'to all auxiliary ma- 
chinery, including the double loops aft, supplying all main con- 
densing units and after generators, and either or both steering 
engines. 


MAIN EXHAUST LINE. FIG. 2: 


The main exhaust line is:takendirectly from the A.L.P. 
cylinders through a spring loaded valve to the main condenser 
belonging to that-engine; but all condensers are cross connected 
by a line in the pump rooms so that any condenser or all con- 
densers may be used on-any or all engines. 

The main exhaust. ‘line between the éngines and each con- 
denser has a butterfly valve to prevent. the vacuum tending’ to 
turn the engines,«provided that the engine is not in use: 


AUXILIARY EXHAUST LINE. FIG, 2. 


The auxiliary exhaust line, like the auxiliary steam fine, is 
constructed on the’double loop system, so that ‘with the line car- 
ried away on-one-side of the ship, the other sidé may be used. 

The auxiliary exhaust lines connect through spring loaded 
valves in each engine room’ direct to the main’exhaust line, or 
directly to the forward auxiliary condensers between frames 
90 and 95. For-convenience; since putting the Ostfriesland in 
commission, the auxiliary condensers have not been in use ex- 
cept for tests, 


FEED WATER SYSTEM. FIGS. 3 AND 4. 


The reserve feed water of the ship is contained in six double 
bottoms between frames 54-and-62. In addition, ‘three after 
trimming tanks between frames 9 and 17 are fitted with con- 
nections for carrying reserve feed water. The main or aux- 














EX-GERMAN BATTLESHIP OSTFRIESLAND. 671 


iliary’ feed pumps: have suction direct to-hot wells and reserve 
bottoms. i ‘All:main: condensers have suctions:to the: make-up 
feed lines and in addition the center condenser is piped:to take 
make-up feed from 'the after trimming tanks: Amew:connec- ° 
tion has been installed to allow feed to ‘be: taken from after 
trimming tanks through starboard condensers: In: normal use 
the main air pumps’ discharge to the three hot! wells situated 
in each engine room which are ‘cross connected. .These are of 
the closed type with the overflow direct: to the reserve bottoms. 
This equipment is not wholly satisfactory in that with the hot 
wells full it is impossible to estimate accurately the amount 
of make-up feed being used. All tanks, except the trimming 
tanks ‘forward are filled through filling lines, with an outlet at 
the break of the forecastle, and discharge through the pump 
manifolds to the reserve bottoms. Make up feed’is obtained 
by running any or all of the evaporators through their vapor 
line into the’auxiliary steam line, and thence through the spring 
loaded valve directly to’ the main'condenser. ‘The distillers can- 
not be ‘used’ when running’ on make-up feed owing to their 
limited capacity. Fig.'3 shows all fresh water lines with the 
valves, Fig: 4 shows the cross connection between the main 
and auxiliary feed lines in the six boiler fire room groups. 


FRESH .WATER._ LINES FOR DRINKING AND WASH. WATER 
: PURPOSES, 


The fresh water lines of this ship are constructed on the 
pressure system, it ‘being necessary to run the fresh water 
pumps whenever it is desired to obtain either wash water or 
drinking! ‘water. Scuttle butts are provided: in various: parts 
of the ship for use when pumps are not running,’ Drinking 
water is! carried in four tanks between frames ‘Nos. 100 and 
105,» Each of these tanks has a:capacity of approximately 
5,000: gallons... Wash water is carried in three athwartship 
tanks with:a capacity of about 11,000: gallons each. —In-addi- 
tion to these tanks there are nine tanks between frames 70 
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and-90 which may be used: for, wash water purposes, six of 
them having suction to wash water’ pumps: and’ three: which 
may be used by means of the secondary! drain... Wash ‘and 
drinking water tanks are filled: through’ ‘filling lines on both 
sides of the ship at the break of the forecastle. ‘The pressure 
system is supplied by two electric driven fresh water pumps, 
one for drinking water and one for wash water. These pumps 
are; however, cross connected and each can be: used for either 
drinking or: wash: water: 


MAIN AND SECONDARY DRAIN LINES, 


Main Drain. Line, 

The main drain line, 21 inches in. diameter forms a complete’ 
loop through the outboard sides.of wing engine rooms, wing 
fire rooms and carries forward to frame.95.. This, loop is pro- 
vided with cut-out valves in each side, ‘the starboard, cut-out 
being in the after fire room and the port cut-out in. the middle 
-group of fire,rooms.. Suction. wells are: located in.each wing 
fire room, the amidship fire rooms: being. drained. through 
sluice gates to both wings, There are main drain suctions 
taken from the athwartship leg of this loop in the middle en- 
gine room and forward store rooms at-frames 35,and 93, re- 
spectively. In addition there are lines leading forward and 
aft from this main loop forming Tees, and having suction 
wells in the middle shaft tunnel and after torpedo rooms, for- 
ward torpedo rooms and store'room spaces. Suction on the 
main drain may be taken by means of any or all of the after 
main circulating pumps either through or by-passing the main 
condensers.:. In addition, both of the forward auxiliary cir- 
culating pumps :(electric); may be thrown on, through, or by- 
passing, forward auxiliary condensers... In addition there are 
cfoss connections to the secondary: drain in the engine rooms 
and forward at frame 91: This allows the three fire and bilge 
pumps to be thrown on to. the main drain. All: main drain 
valves are operated from the protective deck through plates 
located in the deck. 
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Secondary Drain Line. 


The secondary ‘drain line runs amidships nearly the entire 
length of the ship; from frame 9 to frame 125. Branches 
from this line-lead to various bottoms and compartments. 

The secondary drain line is ‘connected through manifolds to 
each of the three fire and bilge pumps and through two:cross 
connections to the main drain line. 

A ‘great’ many compartments, especially those on the plat- 
form deck: and above, have natural drain lines with valves to 
compartments having direct suctions to secondary drains. 


COAL STOWAGE. FIGS. 6 AND 7. 


The normal coal capacity of, the Ostfriesland is 2,544.5 tons. 
This is carried in twenty-two. protection. bunkers. alongside 
boilers and engine rooms from frames 23. to 90 and in addi- 
tion ten upper bunkers between, frames 23 and 90.. There are 
also two reserve bunkers on the berth deck, normally used for 
crew space but which may be used for reserve coal. These 
compartments added’ to those previously considered and with 
chutes full give a coal capacity of 2,923.3 tons as’ follows: 


Normal; Bunkers......,..... . 2,460.10. tons. 
Reserve . Bunkers... ........,.. 394.05. tons., 
Permanent \chutes......... 51.26 tons. 
Fire room chutes,). .... 2.0: 17.88. tons. 

Toteli® ico. uvs varios: 2,923.29 tons. 


AUXILIARY STATION, 


The’ ‘auxiliary station covers’ the machine ‘shop, dynamo 
rooms, auxiliary ‘condenser. rooms, ‘steering engine, anchor/en- 
gine, refrigerating: plant (magazine refrigeration ane provi- 
sions), ai compressors ‘and heating systems. 
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MACHINE SHOP. 


The machine shop, blacksmith and coppersmith: shops, were 
originally located.on the berth deck amidships! between frames 
35 and: 45:. All equipment: except one old Gérman lathe and 
blacksmith’s: forge ‘had been “removed: ‘so that! the a 
equipment is not known. Y Srlf 

On taking over the Ostfriesland: it was necessary to install 
anew shop. This shop was located forward on the port side 
of the main deck and the following equipment installed. 


‘ 1—Gap lathe—24 inches X 48 inches x 12 feet (Rahn 
Larmon). 
1—Machine lathe—14 inches (Davis). 
1Universal Milling Machine (Kempsmith). 
1—Shaper—12 inches (Davis). : 
1—Double Eméry Grinder’ (U. S. Electric Tool Co: ):" 
1—Vertical Drill Press, 3 feet radius (Amer. Tool’ Co.). 
1i—Sensitive Drill. 


All of. the ae were electric driven, the power “seal con- 
verted from 220 volts (ships circuit),to 80-110 volts, by means 
of the search light motor generators. 

In addition to the above, portable forges, Hauck burners and 
a complete oxy-acetylene outfit for welding ‘and cutting have 
proven invaluable and not only handled ‘all' the’ ships work 
since leaving’ the Dock Yard at Rosyth’ but did’a great deal 
of the shop work required in the Dock Yard while undergoing 
repairs. 


DYNAMO. ROOMS. 


The dynamo rooms, four in number, are located outboard, 
forward and, aft between frames 92, to:100 and, 28 to 34 .1/2, 
respectively, those aft being on the upper. platform deck while 
those forward are on the lower platform deck.,,, Kach,dynamo 
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room is:a/watertight compartment: and:contains two turbo gen- 
erating /units,:8 invall,' (See “Electrical! Plant” -and. ree 
of steam and exhaust lines. ) sie T9qqu 


AUXILIARY CONDENSING PLANT. 


The auxiliary condenser rooms containing the ausilingy.¢ con- 
densers with their air and circulating pumps and the fresh 
water pumps are located in watertight compartments forward 
on the lowest deck, between: frames 90: and 95 outboard ofi the 
storerooms.: The condensers are of: the ordinary surfacertype 
The air pumps are double barreled, ‘single acting: and are 
driven by electric motors (see Electrical-Installation),' through 
worm and gear. The water barrel ip six: inches in diameter 
with a ‘six inch ‘stroke, 

The circulating pumps’ are electrivally driven and rbopiesied 
directly to the motor armature. Runner is approximately 18 
inches in diameter. ‘The: discharge:to condenser: is) 12:!inches 
in diameter. These pumps have connections to the sea and: to 
the main drain. Condensers have direct’ connections: to: the 
forward dynamo exhaust, the auxiliary exhaust, high and low 
pressure drain lines (Fig. 5), and make up feed suction from 
the reserve tanks. 


STEERING ENGINE, 


The Ostfriesland has two rudders and. two stceciig ‘engines; 
There are two ‘horizontal high pressure cylinders om: each ien- 
gine, controlled ‘by a differential valve; operated through: gear- 
ing and steering:rods' from the various: steering positions. “The 
cylinders: are: 81/2: inches: in ‘diameter:‘by 10°3/4 ‘inches 
stroke: By a system of clutches’ and a»eross connection:of:the 
differential ‘gearing; the: following: combinations are: — 


(a) One engine may operite both ‘rudders. 
(b) Both engines may operate both rudders. 
..(¢)., Each engine may. operate, either rudder, , 
(d).."Fwo engines may operate. either rudder. . 
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The ‘steering ‘engines’ are ‘situated: in) two: watertight ‘com- 
partments one on €ither side of the ship; separated :by..a pas- 
sage way, on the upper platform deck’ between frames 14 and 
15. The clutches for shifting the engines may be operated 
from either steering engine room or from the passage way 
between them. 


ANCHOR ENGINE, 


The anchor engine is’ located in a watertight compartment 
on the upper platform deck between frames 108 and:106)and 
is similar-to the steering engine. The engine isa two:cylin- 
der, vertical, high’ pressure engine controlled by a differential 
valve gear at the engine, or by means of.a clutch in the: anchor 
engine room, from deck, The cylinders are 12 inches in diam- 
eter by 10 1/4 inches stroke, » The engine is connected throiigh 
clutches :and)a worm with the windlass andi shaft.: A brake is 
provided to allow the anchor ito be hoisted by: hand in case:of 
failure ‘of the engine, capstans and bars being installed | on 
each deck. 


REFRIGERATING PLANT. 


The refrigerating machinery i is located in the hold just. for- 
ward of both auxiliary condenser rooms between frames 95 
and 100. Communication is through the condenser rooms and 
awatertight hatch forward to the deck: above... Two distinct 
systems. are installed, one adirect CO ,:system to the cooling 
rooms:or cold storage and the other:a CO,-brine:system which 
is used primarily: for magazine cooling, though this, the: port; 
system is cross connected: to: the starboard’ ‘side and: in case ‘of 
emergency could) be used ion: the’ cold storage.) The ‘compres- 
sors' are; motor: driven;;vertical, single’ stage: «with: a: 4-inch 
cylinder and 6-inch, stroke, with forced lubrication. 


DIRECT SYSTEM, 1» 


The CO; is fed’ into ‘the retuifn’ side’ of’ the’ compressor, 
passes the compressor, thence to ‘the’ coil condenser, the cool- 
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ing water being obtained by means of an electrically driven 
centrifugal circulating pump with 7-inch runners. ‘The cool- 
ing water is obtained from a connection to the sea suction of 
the auxiliary condenser. From the condenser the CO. passes 
the expansion valve then direct to the coils in the refrigerating 
toom. After passing through the cooling coils, the CO, re- 
turns through an oil separator to the suction side of the com- 
pressor. This is a bad feature. The separator should be 
on the discharge side of the compressor between compressor 
and condenser. With the present installation the oil freezes 


_in the coils and blocks the system. 


INDIRECT SYSTEM. 


After expansion the gas is led to the brine tanks, cooling 
the brine which is then pumped by means of electric driven 
circulating pumps through the magazine cooling _ systems. 
Brine manifolds are installed in passage ways, each magazine 
valve being fitted with an independent thermometer for use in 
regulating magazine temperature. 


COOLING BOXES. 


It is probable that the Germans used this system.simply to 
convert the cold storage into chill rooms, as there is not suffi- 
cient cooling surface to maintain low temperatures. . The cool- 
ing coils are installed in a box along one side of, the cold stor- 
age room and air. circulated over the tubes and through this 
box. by means of. electrically driven fans and having louvres 
along the end and sides of the room... An exhaust fan,on the 
opposite side assists in securing proper, circulation. 


TORPEDO AIR COMPRESSORS. 


There are» four torpedo air compressors, two: forward: and 
two aft.. They are Whitehead, two stage, Simplex compres- 
sors with inverted steam cylinders ‘2: 9 1/2 8» inches: 


- 
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These feed airbanks in various torpedo rooms and can also 
be used on the various Brotherhood torpedo hoists throughout 
the ship. | 


. HEATING SYSTEM. 


The heating system:is no different.from the type usually, em- 
ployed. on our ships but has one peculiar feature in that the 
vapor from.the evaporator may be turned into the heating sys- 
tem and thence through the drains to the feed tanks. 


DYNAMOS, ELECTRICAL INSTALLATION. 


The Electrical Plant of this vessel consists of eight turbo 
units with two generators on each shaft, one a 60 kilowatt and 
the other a 190 kilowatt. The generators were built by Sei- 
mens-Schuckert. Works at Charlottenburg. They are of the 
compound interpole type without a compounding shunt, 220 
volt, with a total capacity of 1,111 ampéres each. The speed 
of the turbine is 2,000 revolutions per minute. Turbines are 
similar to Curtis and manufactured by Fried, Krupp. These 
are designed to work on pressures of from 12 to 16 atmos- 
pheres. 

There are four dynamo rooms and three distribution rooms, 
two. dynamo rooms ‘and two distribution rooms ‘forward ‘and 
two dynamo rooms ’and'‘one distribution’room ‘aft. '' The’ gen- 
erators cannot be paralleled, but the load ‘can be regulated by 
cutting in ‘the various circuits ‘until the maximum’ load has 
been reached. “Each generator has’ a’ positive and’ negative 
which supplies the’ distribution board and’ a’ system of’ four 
interlocking switches for each circuit. ~ 7 

No circuit breakers or open' knife switches are used but each 
generator and circuit is protected by non-arching fuses. 

The dynamo rooms are wired so that either all circuits can 
be supplied: in. case the -both forward rooms: were disabled or 
that:one half: the circuits: can ‘be: supplied) in case both: after 
roomsi and one forward: room: were: disabled: 
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WIRE PASSAGE: 


A wire passage running from the forward to after distri- 
bution room connects with the central station and plotting 
room, located amidships below the protective deck. All light- 
ing circuits and power circuits’ from the distribution board 
supply one side of a watertight double pole, double throw 
switch which is located in this passage. Each feeder has a 
tell tale light on the forward and after side of its respective 
switch so that the operator can tell whether the circuits are 
being supplied. 


LIGHTING FIXTURES. 


The lighting fixtures used when ship is darkened consist of 
box-like metallic frames with side glass. This glass was a 
very deep blue. The frame was in two pieces and opened by 
means of two hinges located at top of frame. Each fixture 
was equipped with a 220 volt 25 watt lamp. 


POWER CIRCUITS. 


The power circuits are wired with leaded and armored cable 
similar to that used on board our vessels. The system is in- 
stalled so that the power can be shifted from the forward to 
the after dynamo rooms by means of a quick action double 
pole, double throw, snap: switch so that the supply can be 
shifted without losing power. These switches are located:near 
the motors, 


POWER MOTORS. 


The. general. design, of: motors used cupaciel is ers the 
shunt, four pole, type with four interpoles, The hand starting 
panels used are. similar. to' those in our service and consist of 
an arc of flat contacts fitted with: a no ‘voltage’ release si 
differ in having no overload ree 
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The fuses used are of the non-arcing contact type fitted in 
porcelain with a contact on both ends, one end making contact 
on the busses which run through the box and the other end 
to circuit which, it supplies. ; 

The stuffing tubes used are similar to those used: on board 
our ships, although in many places where large wires pass 
through the deck, a kick tube, twice the diameter of the wire 
is used and concrete poured in so as to make them watertight. 

The ice machines, auxiliary condensing plants, fresh water 
pumps, brine circulators, flushing pumps and jacking motors 
are all driven by shunt motors of varying horsepower. 


SEARCH LIGHTS. 


The searchlight voltage was regulated by motor generators, 
eight in number, which are capable of generating either 60, 80 
or 100 volts by regulating a field rheostat in the vicinity of 
the search light. These searchlight motor generators are now 
used for the lighting circuits and give very good results. This 
change was necessitated by the fact that no 220 volt lamps 
were available, and the first scheme tried, of placing two lights 
in series gave continual trouble with consequent large lamp ex- 
penditures. The motor generators are of the vertical type fit- 
ted with roller bearings. 


CRANES AND CAPSTANS. 


The crane and capstan motors are 60 horsepower, shunt, in- 
terpole motors, on the Ward Leonard system, requiring a sepa- 
rate end of one large generator to supply each. The wiring 
is similar to that of our steering gear and the installation 
works satisfactorily. The fields of the motor and generator 
are supplied from the lighting circuits fused to 25 ampéres. 
The brake used with these motors is of the electro-mechanical 
type but only one disc is ‘used in conjunction with eight bronze 
studs backed by heavy springs. ‘The brake can’ be released 
either by hand or electricity so that the brake can be disen- 
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gaged without dis-assembling when constant use with a light 
load is required. 


LIGHTING CIRCUITS. 


The lighting circuits are fed from a 220 volt source. Ar- 
mored cable is used throughout. Where feeders are too large, 
branch junction boxes are used to feed eight way distribution 
boxes. Four of these boxes are protected by a twenty-five 
ampére fuse. The feeder toward the end of the line (as its 
carrying capacity decreases) passes through the distribution 
box by means of two bus bars insulated with mica and se- 
cured by two brass strips which hold them secure. 

There are two circuits in every compartment behind armor, 
arranged so that, in case one circttit fails, adequate illumina- 
tion is available. Every light is numbered and the fuse which 
supplies the light can easily be located by the number on’ the 
fuse box. This is a decided improvement on our system. 


RADIO. 


The radio installation was completely removed, nothing re- 
mains but a few deck insulators and lead-ins to the main radio 
room and after battle radio, located near the after conning 
tower. There were four radio motor generators located be- 
low the protective deck, no doubt two for arc and two for 
spark. 

FIRE. CONTROL, 


All fire control instruments and gyro compass were missing | 
although the ship control instruments were intact. 


INTERIOR COMMUNICATIONS, 


No. voice tube call bell system was. installed but a mouth 
piece and whistle, were used. in their stead. 

The interior communication, circuits are supplied from a 
220 volt motor-generator, generating 220 volts alternating cur- 
cent, stepped down to 50 volts by means of small transform- 
ers, 
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RUDDER TELEGRAPHS. 


Rudder telegraph. Power is derived from a 220 volt alter- 
nating current generator, stepped down through a 0.6 KV.A. 
transformer to 50 volts, 3 to 12. ampeéres. 

The transmitter is located in tiller-room and consists of 
drum type contact maker, which is operated by means of an 
endless. wire run through pulleys and connected to rudder 
yoke, Pulleys are so arranged so as to prevent lost motion. 

Receivers are located. in central station, steering platform, 
conning tower, engine rooms, turrets, and in after conning 
tower. They are very similar in construction to the receiver 
part of the engine telegraph, working on.a magnetic principle. 
They are clock dial type with graduated markings from. zero 
to thirty-five degrees for right or left rudder. When power is 
off needle falls to hard left rudder position. 


ENGINE ROOM TELEGRAPHS. 


There are two sets entirely isolated from each other. Both 
sets are identical in construction and method of operation, 

Power is derived from the 220 volt alternating generator, 
passes through and is stepped down to 50 volts in a 0.8 KV.A. 
transformer, 1.45 ampéres. 

The transmitter consists of pedestal dial, one for each en- 
gine room, all mounted on the same base, dial face graduated 
for speed regulation. They are of the combined transmitter 
and receiver type. In transmitting, say from bridge to engine 
room operating lever is moved to desired position. Energy is 
furnished to magnets in identical position in engine room set, 
attracting magnetic needle to that position. Check is made 
by moving operating lever in engine room to position of needle, 
which in turn moves needle of set on bridge, this assuring 
that’ signal is' understood.’ A’ Klaxon is sounded in the engine 
room by any movement of’ the bridge telegraph. 
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REVOLUTION INDICATOR. 
This indicator is of the galvanometer type and the trans- 


-mitter consists of a small, permanent magnet type, generator 


geared to shaft. As shaft revolves, electro motive force: is 
generated and transmitted to receivers, located in conning 
tower, central station, engine rooms and number one turret. 

The receivers are clock dial type graduated to read in revo- 
lutions. As electro motive force is increased by speeding of 
shaft, the needle of receiver is deflected, the extent of which 
depends upon the speed of shaft, which by calibration gives 
the correct number of revolutions on the dial. 3 


FIREROOM TELEGRAPHS. 


Power ‘is derived from 220 volt alternating current genera- 
tor, stepped down through a 0.2 KV.A. transformer, 0.94 
ampéres. There are two transmitters, one located in middle 
engine room and one in starboard engine room. A ciit-out 
switch is located in wiring passage which shifts from one to 
the other. 

Transmitters are of iron case watertight construction and 
signals are sent by means of small notched hand wheel with 
pointer, for various signals. A bell is connected in parallel 
and receives an impulse as each notch is passed over, thus call- 
ing the attention to signal being made. 

Receiver is dial type, magnetic principle and an arrow indi- 


| cates the signal made. The receiver also has a bell in parallel 


which rings as. the transmitter is moved. at 
GENERAL, REMARKS ON ELECTRICAL INSTALLATION. 
There is no mechanical engine telegraph from the bridge to 
the engine room. If the electric telegraph fails the only resort 
would be the voice tube communication. 
The fuse boxes used for interior communication | lighting and 
power circuits are watertight, large and about ‘as effective as 
those used in our service. Only the proper size fuse can be 





684 EX-GERMAN BATTLESHIP, OSTFRIESLAND. 


inserted, thereby protecting the circuit from being overloaded. 
This is assured by fuses of various carrying capacities being 
made in different sizes. 

The .entire lighting. system is divided into six circuits, no 

battle circuit was used, and this, I believe, is inferior to our 
system of darkening ship. Blue light fixtures were located in 
the various compartments for darkening ship as described 
above. ‘ 
. All motors are semi-watertight in construction and well ven- 
tilated by. means of.a fan mounted on the shaft. The frames 
and face plates of the motors are of solid casting and are con- 
sidered unsatisfactory for making minor repairs. 

In many cases when it is necessary to remove the armature 
the entire apparatus such as pumps, etc., must be broken down. 
A flanged coupling as used aboard our vessels is a decided ad- 
vantage, 

Circuit breakers and overload releases are not used in con- 
nection with any of the apparatus, Theabsence of these causes 
unnecessary delays and inconveniences when the main switch 
board fuse blows. 


SPECIAL FEATURES. 


The following special features are worth examining with a 
view of incorporating, if considered desirable, in new construc- 
tion. 

1. Screwed deck plates over all cylinders with tracking on 
berth deck, allowing pistons to be swung from berth deck, 
thus decreasing required head room over engines. 

2. Setting up gear on piston rod glands. In this gear, 
reach rods with a hand wheel are brought out to the operating 
platform. These rods are connected through a worm to gear- 
ing around the gland which in turn actuates a thread on the 
gland allowing the packing to be set up in case of leaks with- 
out the use of wrenches. This also acts as a lock. 
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3. Cut-outs on wick feed. A lever on the side of the reser- 
voir allows the feed to be cut off. immediately on stopping the 
engines without removing wicks and. insures the same regula- 
tion of lubrication when the engines are again started, 

4. Location and size of feed tanks. The feed tanks are 
placed at the top of the engine rooms leaving space below for 
installation of evaporators. The overflow being to the reserve 
feed tanks insures against loss of feed.water to the. bilges as 
is the case in most of our installations. 

5. Deck stops and cut-outs. The ratchet gear on these 
makes them practically fool proof and insures their working 
in the proper direction. They can be closed but not opened 
from. deck. 

6. All go ahead valve motions are controlled by double ec- 
centrics, with the astern between these two. This does away 
with offset rods and insures proper alignment of valve mo- 
tion and relieves any strain on the guides. The guides are 
considerably heavier than usually found on our ‘installations 
and are of better design, due to the double eccentric... They, 
however, necessitate an increase in overall length. 

%. The engines are fitted with starting valves admitting 
steam to either side of I.P or L.P pistons, but no by-passes 
are fitted. . This allows the starting of the engine if the H.P. 
happens to stick on a center but is not as satisfactory as a by- 
pass. 

8. Electric Jacking Engine. This is decidedly more accu- 
rate than a steam jacking gear. The control is decidedly 
quicker than with a throttle. This installation. is a decided 
advantage during overhaul periods when steam is: off the ship, 
as the engine can be jacked from yard power. 

9. Coupling bolts on shafts. A starting screw is placed on 
the after end of the bolt allowing withdrawal without the use 
of a maul. 

10, The double steering engine and two rudders is, I should 
say, a distinct improvement over our design and gives a 100 | 
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percent factor of safety. The control by means of shafts in 
place of wire is a big improvement on ours. 

11. The control of the differential valve of the anchor en- 
gine from deck is a great convenience but involves no new 
question of design. 

12. Gage Glass Fittings. The ball and socket arrangement 
allows removal of fitting and glass together. Spares can be 
kept fitted in the fire rooms and installed in about thirty sec- 
onds. 

13. Fire extinguishers in furnaces. 

14. Dampers on both front and rear of boilers allowing 
a more perfect regulation of air through the fire beds. 

15. The track system in the bunkers allowing movement of 
coal from one end of the ship to the other is a decided advan- 
tage. The Germans probably used a trip bucket. 

16. The chute arrangement from the upper bunkers allow- 
ing coal 'to be fed directly to fire rooms before emptying lower 
bunkers probably adds considerably to the stability of the ship 
and requires less trimming. 

17. The high location of all pumps in fire rooms relieves 
the congestion on the floor plates. In addition it adds to the 
safety of the ship as pumps can be operated on drains long 
after the fires have been flooded, both through secondary bilge 
suctions and by suction hose attached directly to the water end 
‘of the pump. 

18. There should be two additional pumps for use on sec- 
ondary drain and fire mains. With only three fire and bilge 
pumps, two of which must be used almost constantly on ash 
ejectors, maintenance becomes a serious problem. 


GENERAL COMMENTS ON CONSTRUCTION, 


I should say that the Ostfriesland is slightly behind the 
ships of the U. S. Navy, constructed at the same time, as far 
as naval engineering is concerned. The workmanship and fin- 
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ish throughout the department is better than ordinarily found 
on our ships. 

Electrically I should say that the Ostfriesland was at least 
three years in advance of ships of the Delaware class, It is in 
the electrical equipment and installation that the better work- 
manship and finish is particularly noticeable. The switch 
boards, distribution rooms and wire tunnels being particularly 
‘ good. The system of interlocking switches makes the switch 
board practically fool proof and the entire system is beauti- 
fully installed. 

Throughout the department are little devices for convenience 
in working and handling the various machinery. 


CONSTRUCTION AND PERSONNEL. 


The water tight construction of each separate fire and engine 
room is, I think, a decided improvement over our ships as far 
as a protection against sinking, due to either external or in- 
ternal causes, in fact, it is doubtful if a single torpedo or mine 
or even two, would sink this ship. I believe this statement is 
justified by the results of the war. It will be noted that there 
are seventeen water tight sub-divisions from forward aft, and 
as will be noted within the engineering spaces, these compart- 
ments are further divided by two fore and aft bulkheads into 
three separate water tight compartments. This same construc- 
tion is carried. out in.other parts from frames 23 to 106. 

This sub-division without means of communication, except 
“up and. over,” would require; a considerably greater comple- 
ment than carried on, one.of our ships of the same: displace- 
ment, both of officers and. men, No data are available as to 
the number of officers and men carried, beyond the statement, 
(unconfirmed), in a British publication that the crew was 
1,400 men. 


{ 
a 
4 

4 











THE OPERATION OF BLOWERS IN PARALLEL. 


THE OPERATION OF BLOWERS IN PARALLEL 
FOR FORCED DRAFT IN NAVAL SERVICE. 


By M. C. Stuart, Associate*, AND ArtHUR H. SENNER. 


—__—_— 


~ 


The quantity of air required in a fire room is definitely fixed 
by the amount and quality of fuel to be burned for the pro- 
duction of the maximum required capacity. The pressure 
required in the fire room, which is the head against which the 
fan or blower operates, is not so definitely known as it depends 
upon the combined resistance of the air registers, boiler and 
uptakes in the case of an oil-burning installation. Ina coal- 
burning installation the problem is more complex because of 
the variable resistance of the fuel bed, in addition to the re- 
sistance of the grate, boiler and uptakes. 

» Originally, one fan was provided for a fire room. As 
capacities grew, two, three or four fans were installed for a 
single room. With two or more fans operating in parallel 
in a fire room, it is obvious that they must all operate at a 
common head which is the pressure of the fire room. How- 
ever; the capacities delivered by the several fans are not equal 
unless the fans are operating at exactly the same speeds and 
have the same fan characteristics. If one fan slows down, 
there will result a decrease in quantity of air delivered by 
that fan. This decrease in quantity delivered by the slower 
fan will not be in direct proportion to the decrease in speed, | 
but will usually be much greater, depending entirely upon 
the shape of the quantity-head characteristic of the fan. Un- 
der certain conditions which are not at all unusual in prac- 
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tice, it is entirely possible for a decrease in speed of one of 
the fans, amounting to only two or three hundred revolutions 
per minute, to result in the quantity of air delivered by the 
slower fan to be reduced to zero. Further than this a con- 


siderable quantity of air may be faced backward through 


the slower fan, 

An investigation has recently been conducted at the U. S. 
Naval Engineering Experiment Station, Annapolis, Md., 
upon. the operation of fans in parallel, 


OBJECT OF INVESTIGATION, 


The principal objects of this investigation were as follows: 

(a) To observe the action of two similar fans operating 
in parallel at different speeds and discharging air against the 
same head. 

(b) To obtain negative quantity characteristic, i. ¢. to de- 
termine the relations between quantity passing through fan 
and pressure head maintained by fan, when air is being forced 
backwards through the slower of the two fans. 

(c) To compare the combined efficiencies when operating 
fans at different speeds with efficiencies when operating fans 
at equal speeds, under the same draft requirements in each 
case. 

(d) To study the relative advantages of the flat and the 
steep characteristic types of forced draft blowers. 


DESCRIPTION OF FANS. 


The two similar motor driven forced draft blowers used 
for this test were obtained from the U. S. S. Nevada. The 
fans which were manufactured by the B. F. Sturtevant Co. 
are of the No..7, single width, multi-vane type with double 
air inlet, and. forward tipped blades... The diameters of. the 
fans are 29 inches. 


i 
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DESCRIPTION OF APPARATUS AND METHOD OF TEST. 


On Fig. 1 is shown a diagrammatic sketch of the general 
arrangement for test. With this test arrangement a line of 
circular duct was led from the discharge of each fan into a 
common cylindrical chamber, 10 feet in diameter and 10 feet 
long. This air chamber corresponds in the test to the fire 
room in forced draft practice. Referring to the plan view on 
Fig. 1, the following description is explanatory of the general 
arrangement of apparatus and method of test. 

A venturi-meter was placed in each line of duct leading 
from the fans to the air chamber. Static pressures were read 
at the fan outlets.and before the air chamber in each) duct 
by means of draft gages.. Four orifices of one square. foot 
area each were placed in the.end of the.air chamber... These 
orifices, circular in section and having well rounded entrances, 
were designed so that each, of them,could be. blanked off, thus 
duplicating varying draft requirements as.on shipboard. The 
static pressure in the :air chamber was measured by means of 
a differential gage connected, as is: shown on, Fig. 1, to the 
head. of a cylindrical appendage on. the top of the air cham- 
ber, this being an: ideal: point for pressure determination, be- 
cause of the absence of eddies and effects of: velocity head. 
The other leg of the differential gage which is used for de- 
termination of the static, pressure inair, chamber was, con- 
nected to an impact tube.;, By, traversing the.mouths of the 
orifices with this impact tube when air was flowing, there 
was seen to be no difference in pressure. between the air cham- 
ber static and the velocity head at the orifice mouths. 

When for the purpose of thé investigation ‘there was any 
difference in the speeds of the'two fans, fan “A” was ‘always 
the slower fan and ‘in’ some cases this’ caused’a ‘reversal of 
the direction of the air''in the ‘duct ‘attached’ to fan “A.” 
For this ‘reason the venturi-meter it’ this ‘duct was 'so arranged 
as to indicate the quantity of this reversed ait.” 
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The temperature of the air in the ducts was determined .as 
shown on Fig. 1 in the duct leading from fan “A.” For this 
purpose an exposed bulb thermometer was used and installed 
so as to project well into the duct. Hygrometric data were 
gotten by the use of a motor driven wet and dry bulb outfit 
placed adjacent to the fan suctions. 

For a knowledge of the power required to drive the 
blowers, data of the electrical input were taken during. the 
runs and these together with a knowledge of the various 
losses which was determined by a series of motor loss runs 
permitted the net input to the fans to be determined. 


DESCRIPTION OF RUNS. 


A total of 30 runs was made, and the data and results of 
these runs are tabulated in two sections on Fig. 2. The upper 
section of Fig. 2 gives the data and the results of the fan de- 
livering into the 30-inch duct, 7. ¢., fan “ A” shown on Fig. 
1. In the lower section of Fig. 2 are tabulated the data and 
results of the fan delivering into the 40-inch duct. The first 
fifteen items in each section of the table are identical,’ these 
items comprising the general data which apply to both blowers * 
when operating together and also the air chamber data and the 
readings taken to determine. the flow through the orifices. 
From an analysis of the first 6 runs it ‘is seen that ‘all the 
orifices on the end of the air chambet were blanked.’ Fan 
“'B” attached to the 40-inch duct was in each of these runs 
the faster fan and obviously with the orifices’ oni ‘the air 
chamber blanked, all the air delivered by the faster fan’ was 
forced. backward through the. slower fan. During runs 7 to 
19, inclusive, orifices were opened on the air chamber, but 
due to the great difference in speed of the fans in each of © 
these runs a certain quantity of air ‘was forced ‘backward 
through fan “A” on the 30-inch duct. During these runs 
the quantity of air passing through the orifices plus the quan- 
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tity forced back through the slower fan equaled the quantity 
of air delivered through the 40-inch duct by fan “B.” On 
runs 19 to 30, inclusive, although as before fan “A” is the 
slower fan, with the differences of speeds maintained on these 
runs and the relatively large numbers of orifices open on the 
fan house, a positive direction of flow prevailed in each duct. 
During these runs the quantity of air delivered by fan “ A” 
plus the quantity delivered by fan “ B” equaled the quantity 
of air passing through the orifices in the air chamber, the 
agreement being in most cases within two per cent. The 
source of items in Fig. 1 is given in Appendix 1. 


RESULTS OF TESTS. 


The data and results of the tests are presented in graphical 
form in the curves of Figs. 3 to 10, inclusive. On Fig. 
3 is plotted the constant speed, quantity-head characteristic of 
either fan. The pressure head is that measured in the duct at 
the fan outlet. These results have been reduced to standard 
air conditions and 900 revolutions per minute. The charac- 
teristic has also been plotted in the negative air quantity re- 
gion; the data for this part of the curve are obtained from 
runs Nos, 1 to 19, inclusive, on fan “ A,” during which runs 
the air was forced backward through fan “ A,” although the 
tan itself was driven in a positive direction. While it has been 
realized that a fan has a definite negative quantity character- 
istic, it is believed that this is the first instance in which this 
characteristic has been determined experimentally. As will 
be shown later, this characteristic is of vital importance’ in 
studying the operation of fans in parallel. On Fig. 4 are 
plotted two characteristics of quantity and head at different 
speeds in both the positive and negative quantity regions. 
The combined characteristic is also drawn which shows the 
net effect of running two fans at different speeds and dis- 
charging at each instant against the same head. The com- 
bined characteristic is gotten by adding algebraically the 
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quantities of air delivered. by each: fan at) given ‘heads. On 
the: curves of ‘Fig; 4, the performarices) as plotted have been 
reduced to standard density of air:and the standard speeds: as 
designated on: the: curves: | On Fig; 5:are plotted the charac- 
teristics of both :pdsitive: and: negative ‘quantity: of ‘air de- 
livered by the fan vs. shaft’ horsepower required, the variables 
having first been reduced to the standard air density and the 
speeds as designated. As would be expected the shaft horse- 
power increases with an)increase’ inthe: negative quantity 
which is forced backward through the fan. »Curves of quan- 
tity of air delivered vs. efficiency of the fans are plotted on 
Fig. 6, the performance being reduced to various speeds? For 
positive quantity a maximum» efficiency 0f:55.3 per cent was 
attained.. For negative quantity there is no ‘true efficiency, 
the curves representing merely the: ratio of the: potential en- 
ergy in air forced through the fan to the power required: to 
drive the fan. Figs. :‘7,'8, 9 and10: give curves »which: are 
plotted: from spetific fan data of the fans.::The article “ Cen- 
trifugab Fan ‘Calculation by the ‘Specific »Speed -Method,” 
(JouRNAL) OF (AMERICAN SocreTy,,oF “NAVAL ENGINEERS, 
page 613; August, 1916), oe in detail: the method ‘and! uses 
of these: calculations. 
The ‘essential element of what the writer choses:to call the 
“ Specific Speed Method”) of performing fan calculations: con- 
sists in expressing the diameter and speed:of'fans as ‘functions 
of the quantity and head. The value of this method iof:treat- 
ing the stibject rests onthe fact:that»in nearly:all: fan’ prob- 
lems the quantity and head are known: factors, and therefore 
by’ considering: ‘these as the independent: variables,:a’ simple 
and direct: solution’ of) problems’ may: be ‘obtained. ‘The: spe- 
cific: speed formulae derived im the above::mentioned article 
and used herein are based on two groups! of laws ' which are 
well known to’ fan manufacturers. These laws até stibject 
to theoretical demonstration, : and ‘ have» been: ‘proven: to be, 
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substantially correct by numerous tests of fans of various 
types. and sizes... The first: group of laws pertains to a given 
fan operating on a. system with a fixed external restriction. 
If the speed (revolutions per minute) of the fan be changed, 
without. changing any of. the external. restriction against 
which the fan operates, the following laws are effective: 

(a). The volume of air discharged by the fan will vary as 
the speed. 

(b) The pressure maintained by the fan will vary as the 
square of the speed. 

(c): The power required by the fan will vary as the cube 
of the speed. ; 

(d). The efficiency of the fan will remain constant. 

A. second group of laws may be stated which will cover 
the change in size of a fan of a given’ design.’ In: this: case 
consider a fan of a certain design. and size, operating at a 
given speed, and on an external system with a given restric- 
tion. The external restriction may be replaced by what is 
known as an “ equivalent orifice,’ that is, an orifice at the 
outlet or inlet of the fan, of such a size that the performance 
of the fan is the same as when operating against the actual 
system, There may be constructed a fan of the same design 
as the one considered, but of different size, such that’ all 
dimensions of the new fan; including the “ equivalent orifice,” 
are'inisame exact: proportion ta the corresponding dimensions 
of the given’ fan. 

This fan-may be desigiainted asa: i! sdeeibactsticilty deijlet 
fan.” Ifthe geometrically. similar fan be run at the same 
speed (revolutions per minute) as ‘the original fan, the fol- 
lowing laws connéct the performance of the fans: 

(e) The volume discharged will vary as the cube of the 
ratio of the diameter of the fans. 

(f) The pressure maintained will vary as the square of the 
ratio of the diameters of ‘the fans. 
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(g) The power required will vary as the fifth power of the 
ratio of the diameter of the fans. 
(h) The efficiency will remain constant. 


DERIVATION OF FORMULAE. 


Let 
D = Maximum diameter at tip of: blade, inches. 
== Static head, inches of water, at standard air den- 
sity. ; f 
N == Revolutions per: minute, ‘or sel 
Q = Discharge, thousands of, cubic feet per minute. * 
P = Power required—horsepower. 
e = Efficiency. 
Laws (a), (b), (c) and (d) may be expressed as follows: 
Q=C,N (x) 
h=C,N? (2) 
P = C, N* (3) 


é= constant. D. =.constant. 


Laws (e), (f) and (g) and (h) may be expressed, as fol- 
lows: 


Q=¢,D" (4) 
h = C, D* (5) 
P=C,D*- (6) 


é = constant.- N = constant. 


From reductions of equations (1), (2), (4) and (5), 
there results : 


A eal 5 


For the special case in which D= 1 and ‘Gat, Nc; 
or, C, i is the speed of a fan required to ‘produce one inch static 
pressure and one ‘thousand’ cubic feet of air per ‘minute. We 
may now call C! the “ specific speed” Of the fan, and desig- 
nate it by the symbol N,, so that 
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NSN. (7) 
and 
N,=N + (8) 


It should be borne in mind at this point’ that equations (7) 
and (8) make no mention of the diameter of the fan required 
to meet these conditions. The variation of ‘diameter, as af- 
fected by quantity and head, for constant ‘efficiency, and in- 
dependent of speed, is determined by a reduction ‘of. equa- 
tions (1), (2), (4) and (5), and there results: 


+ 
Dla 


For the special case in which Q==1 and h=1, D=C,, 
or, C, is the diameter of a fan required to produce one inch 
static pressure, and one thousand cubic feet of air per min- 
ute. We may'call C, the “ specific diameter” of the fan, and 
designate it by Dj; then 


De De 2 (9) 
and 
D, ='D or (10) 


DEFINITIONS, 


We may now define the “ specific fan’ of a certain type as 
a. fan which is geometrically similar to a given fan of. the: 
type, and has such a diameter, D,, and runs at such a speed, 
N,, as to deliver one thousand cubic feet of. air per | minute 
at one inch static. head at any given ‘efficiency... 











THE. OPERATION: OF BLOWERS ‘IN’ PARALLEL. 705 


“SIGNIFICANCE AND USE OF °N, AND D;. 


If for any fan, operating at a certain efficiency, the bead. 
quantity, speed and diameter are known, the specific speed 
of the fan at that efficiency may be determined from equa- 
tion (8), 

t 
and the specific diameter at that efficiency may be determined 
from. equation (10), 


Ds = ie OF 

Conversely, if the specific speed and specific diameter of a 
certain fan or type of fan be known at any efficiency, the 
actual speed’and diameter of a geometrically similar fan re- 
quired to produce any desired quantity and head, at the same 
efficiency may be determined from the formulae (7) and (9). 

Figs. 7 and 8 give curves of specific speed, revolu- 
tions per minute, vs. specific diameter, inches, of the fans for 
both positive and negative quantifies of air through fan, 4. ¢. 
for the fan discharging air and also when air was. being forced 
back through the fan. Fig. 9 is the curve of specific speed, 
revolutions per minute, vs. specific tip speed, feet per minute, 
for positive ‘and negative quantities of air through fan. ‘Spe- 
cific speed ‘and specific diameter are plotted against efficiency 
for positive and negative quantities; Fig. 10. 

Now, in order to satisfy objects (a), (b) and @ of this 
investigation as given under “ Object of Test” the following 
problem was worked out as illustrative of an actual’ operation 
example Tt i is assumed that two fans are to’ deliver 24,000 
cubic feet’ of ‘air per minute when operating in ‘parallel i ina 
fire room. ‘The required fire room pressure is 4.5 inches and 
therefore the head against which these fans must deliver this 
quantity ‘of air is 4.5 inches of water regardless of the load 
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distribution between the two fans. . The requirements are ex- 
actly met when the fans are running at equal speeds of 900 
fevolutions ‘per minute, as see from. Fig. 3, however, 
doubling the quantity at 4,5 inches since two similar fans are 
to operate in parallel. A decrease in the speed of one fan 
will necessitate an increase in the speed of the other to main- 
tain the requirements. The curves which are drawn in dashed 
lines on Fig. 11 show the respective speeds of the faster 
and slower fans corresponding to various differences in speeds 
of the two fans. Also since the total quantity’ under ‘any 
conditions of speeds of the two fans must equal 24,000 cubic 
feet of air per minute, the full line curves show the quan- 
tities of air to be delivered by each. fan corresponding to ya- 
rious differences in speeds. The total quantity of air deliy- 
ered by the fans together is represented as a horizontal full 
line at 24,000 cubic feet of air per minute. 

At zero difference in speeds of the two fans the curves of 
quantities and speeds intersect at ordinates of 12,000 cubic 
feet of air per minute for each fan and 900 revolutions per. 
minute for each fan. At a difference in speed of 270 revolu- 
tions per minute or a speed of 855. for the slower fan and 
1,125 for the faster, the entire quantity is delivered by. the 
faster fan. For greater differences in speed, a negative quan- 
tity will flow backward.through the slower fan as shown by 
the region designated “A.” The complete characteristics for 
any type of fan, with both positive and negative quantities 
having been determined, calculations, based on, these character- 
istics are possible, which will, determine the exact perform- 
ance of two or more of these fans operating in parallel,in a 
fire room. ., Calculations are made by, the “ Specific Speed” 
method, explained briefly . above. The “ Specific. Speed” 
method is largely a short, cut application. of what. are gener- 
ally known by fan designers as the, “ One, Two, Three” Laws. 

The effect of speed, difference on: power consumed. by. two 
fans operating in parallel is shown on Fig. 12. It is seen - 
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that with both fans running at the same speed the total power 
required is a minimum of 31.25 horsepower, and this func- 
tion increases with an increase in the speed difference of the 
two fans. There are also drawn on Fig. 12 curves show- 
ing the division of power between the two fans. It is noted 
that the total air horsepower is constant as represented by the 
horizontal dashed line. On Fig. 12 is also shown clearly 
the extent of falling off of combined efficiency of the forced 
draft outfit: when certain requirements are fulfilled by two 
fans operating at different speeds. The maximum efficiency 


attained is at the point of zero difference in speed of the two. 
fans, : 


““ RELATIVE MERITS” OF “ FLAT CHARACTERISTIC” AND “ STEEP 
CHARACTERISTIC” FANS FOR FORCED DRAFT SERVICE 
ON BOARD SHIP, 


Figs. 18 and 14 have been supplied for the purpose, of 
determining and comparing the effects which naval -service 
conditions would probably have on parallel operation of the 
two. types of fans having the above mentioned characteristics, 
Fig. 18-represents. the performance of a fan having’ a flat 
characteristic. The two full-line curves represent’ the. char- 
acteristics at two speeds of 1 ,400 revolutions per minute and 
1,500 ‘revolutions per minute. - Referring to the curve of 
_ 1,500 revolutions per. minute it is seen that for a change of 
only one inch of water pressure head, the quantity increases 
from zero .to 40,000 cubic feet of air per minute. Thus it 
is seen from. thisthat the quantity delivered changes from 
zero to a value which is approximately 75 per cent of the maxi- 
mum capacity of the fan at the given speed, with an accom- 
panying change of only one inch of water static head. Al- 
though the flat characteristic fan has great flexibility. as to 
quantity delivered, it permits. of only.a slight variation in fire 
room pressure, © With this very limited variation in the pres- 
sure head, with; which. the flat. characteristic: fan may: operate 
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successfully, it is very obvious that salvo firing on ship-board 
would cause serious fluctuations in the quantity of air deliv- 
ered for the fans. In fact, the back flare which has occurred 
in the fire room during salvo firing may be attributed to the 
small head variation permissible with the flat characteristic 
type of fan. As to the operation of flat characteristic fans 
in parallel and at different speeds the following is evident by 
referring to Fig. 18. The characteristics for the fans at 
1,500 revolutions per minute and 1,400 revolutions per min- 
ute are drawn and then combined, resulting in the single 
dashed-line curve; this dash-line curve is gotten by adding the 
quantities delivered by each of the fans at a given head. As- 
suming that operation has been at 7.0 inches of water head 
when operating both fans at 1,500 revolutions per minute, 
when one fan is reduced in speed to 1,400 revolutions per min- 
ute, there is a negative flow, 4. e. a forcing back of air 
through the slower fan to the extent of 6,000 cubic feet of 
air per minute. Thus it is seen that when one of two Hat- 
characteristic fans operating in parallel is decreased even a 
comparatively small amount, air is forced backward through 
this fan by the faster fan. 2 

Analyzing the effect of actual service conditions on “ Steep- 
characteristic” fans by means of Fig. 14 reveals the follow- 
ing: The two full-line curves represent the characteristics 
at two speeds of 1,400 revolutions per minute and 1,500 
revolutions per minute. Referring to the curve of 1,500 revo- 
lutions per-minute and assuming the same quantity change 
from zero to 40,000 cubic feet of air per minute, the head 
changes appreciably, 1. ¢. from 10.5 inches of water to 6 
inches of water, a 4.5 inch variation with the steep charac- | 
teristic as against the one inch variation with the flat char- 
acteristic type fan. From this it is seen that the effect of 
salvo firing on the forced draft condition is less evident with 
the steep characteristic fan than with the flat characteristic 
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fan. For the operation of steep characteristic fans,in parallel 
and at different speeds, the following .is evident. by referring 
to Fig. 14.. As before the characteristics. for,-the fans at 
1,500 revolutions per minute and 1,400 revolutions per minute 
are drawn and then combined. resulting in the single dashed- 
line curve. With a difference of speed of 100 revolutions per 
minute as in the previous example it, is seen that the fans 
combine to greater advantage with this difference.in. speed. in 
that there is no reversal of air through the slower fan, until. the 
fire.room pressure exceeds 9 inches of water. ; 

In forced draft, practice with stoker fired boilers,, the steep 
characteristic type of fan is standard equipment for the fol- 
lowing reason: With fires of normal thickness and, condi- 
tion, the fan. will operate. at a point of relative low head,on 
the characteristic. .If the resistance of the-fire, bed, increases 
due to clinkers, or for any other cause, the point of operation 
of the. fan moves up the steep characteristic with only a small 
decrease in quantity, but a considerable increase,;in head. 
This. increase in head. assists in loosening. up, the. fire,.and 
forcing the required amount of air through.the fire, thus 
maintaining the rate of steaming. With a flat characteristic 
fan, an increase in the resistance of the fire bed will cause a 
iarge decrease in quantity of air: Onboard an oil:burhing 
ship the firing of the salvo has a momentary effect in: increas- 
ing the pressure analogous to the; thickening of the fires in a 
stoker.. For this reason alone: the steep characteristic fan 
should be preferred in the naval service. . With: a, flat; char- 
acteristic there is a large°variation in quantity:and a; small 
variation in head. ‘With a steep characteristic the reverse,is 
true. In designing a fan for an) oil burning installation. the 
quantity of air required may be much more acciiratély; prede- 
termined than the fire room: presstire, because: the quantity 
depends only upon the known quantity’ of. fuel to! be’ burned, 
while the fire room pressure depends ‘upon the’ resistances, of 
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intake, ‘boiler and ‘uptake; which are not 'so'definitély known. 
With @ steep’ characteristic fan,’ a’ Variation in’ the actual pres- 
sure’ required: from the’ computed ‘pressure will cause less va- 
riation’ in ‘the ‘quantity.’ An ‘apparent advantage of ‘the’ flat 
characteristic is the large variation in’ quantity possible, but 
this! is ‘tiot ’ ‘flecessary’ becaiise the ‘required’ maximum quantity 
of air may’ ‘be accurately computed,’and any type of fan must 
be désigtied ‘for’ this “tnaximum. * ‘Smaller’ quantities ‘for’ te- 
duced'load may be’ obtained ‘by’ reducing ‘the’ speed. 

The question ‘6f’ rotational’ speed; tip speed; efficiency and 
ndisé'must also be ‘considered: ‘The! higher ‘rotational speeds 
‘of the steep ‘characteristic ‘fans are‘ coriducive to better tur- 
‘bitte’ eeohomiés’ for direct’! drive”' However, ‘thé higher’ tip 
speéds of the steep ‘characteristics’ require better’ materials’ and 
stotiter consttiction. ‘The’ highést’ reported ‘efficiencies’ have 
beeri “obtained with ‘the ‘steep ‘characteristic types.’ Little’ is 
known ‘régatditig’the’ relative noise of the “several types; but 
it's believed ‘that noise is tiot a’ furiction ‘of the type, but de- 
pends’ upon désign’ ‘and construction in each case: “In general 
the low’ niet fans Produce’ we most | ridise. 


CONCLUSION. 


Fron this | witusnicomaTe ai ‘following scscliaion are 
‘drawn :' eet 

(e): Fans operating in oatallel should ‘be run at) the same 
speed! because’ relatively small differences in speed cause an 
unequal division of the load: between the’ fans in such a: man- 
ner as to result: im a’ greater’ total: shaft ' horsepower than 
would be required ‘to produce the: same draft conditions: with 
the fans running at equal speeds. 

of) At differences of: speeds which ‘are likely to occur in 
practice there may result’a:reversal .of the: direction: of: air 
through the slower fan} 4.:\2. a’certain | quantity of air may 
be forced back through it by the faster fan. 
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(g) It is preferable to install only one fan in a fire room 
or provide some means for driving all fans in the fire room 
at the same speed. ; ; 

(h) Steep characteristic fans operate better.in parallel than 
flat characteristic fans. The steep characteristic type of fan 
is preferred also because it provides a wide variation in head 
to cover the increase of pressuré due to salvo firing and the 
uncertainty in estimating the fire room pressure. | 


APPENDIX NO. 1. © 


SOURCE OF ITEMS IN TABLE 1, TEST OF FANS OPERATING IN PARALLEL. 


Item. 


1. Reference number. For reference. 

2. Date. From records taken during run. 

3. Number of orifices open. From’ records taken during run. 

4, Barometric pressure, inches mercury. From mercury barometer, read- 
ings taken during run corrected for scale error and reduced to a 
mercury density of 0.4912 pound per cubic inch at 32 degrees Fahr. 

5. Room temperature, degrees Fahr.’ From thermometer readings taken 
during run corrected for’calibration error. 

6. Wet bulb temperature, degrees Fahr. From ‘thermometer readings 
taken during run corrected for calibration error. 

7. Density of air in room pounds’ per cubic foot. From Taylor’s Tables 
for Densities of Air, corresponding to items (4), (5) and (6). 

8. Actual static pressure in fan house, inches water. From readings of 
draft gages taken during run. 

9. Temperature ‘of air in fan’ house, ‘degrees Fahr. From’ thermometer 
readings taken during run corrected for calibration error. 

10. Density of air in-fan house, pounds per cubic foot. 


Item (8) X 0.0732 + Item (4). 


Item (7) X Tem (4). 





11. Orifice coefficient. Value of 0.99 assumed for orifices used on test. 

12. Total orifice surface open, square feet. Item (3) XX Area of each 
orifice, 

13. Ratio of standard air density to actual air density. 0.07492 item (7). 

. Air discharged, cubic feet per minute. 
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20. 


21. 





. Duration of run, minutes, . From. time records taken during run. 
. Revolutions per minute.. From readings taken during run. 
. Static pressure up stream section, inches water. From readings of 


. Temperature at. up. stream.section, degrees Fahr. . Item (9). 





From the relations: 
Q= 0.99 X 60 AV 
V=/ 2 V ha 


hada=hwdw 
ihe dw 
ha = hw da 


Q =cubic feet of air per minute discharged. 

A =area of-orifices, square feet. 

V =velocity through orifice, feet per second. 

g 32.174. 

ha =head of air, feet, at orifice. 

hw = head of water, feet, at orifice, for standard air density = item 
(8) divided by 12 inches in 1 foot. 

Hw=head of water at orifice for standard air density, inches = 
item (8). 

Dw=density of water, pounds per cubic foot == 62.30. 

da =density of air, pounds per cubic foot = 0.075 

then 


Q=0.99X 6A Vag yk YAW 
Q=3966 X A / Hw = 3966 X Item (12) K y Item (8) 


draft. gages taken during. run. 


Density of air at up. stream section, pounds. per cubic foot. 





Item (17) X 0.0732 + Item (4). 
Weem (7,28 Ttem (4). 


Differential, pressure at Venturi Meter, inches water. From readings 
of draft. gages taken during run. 

Air discharged under suction conditions, pounds per minute. 

From the formula: 





W=60/ Piq, X AF Cpe in which 


7~ 


W =item (21). 

P:= [item (4) plus (item (17) multplied by 0.0732)} multplied by 
70.718. pounds per square. foot: equivalent to :one inch of 
mercury. ; 

d, = item (19) 











25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 
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A: = area of throat section, square feet. 

P.= P; minus (item 20 multiplied by 5.1917). 

5.1917 = pounds per square foot equivalent to one inch of water. 


F Tp} =funetion of e as given in theoretical: Venturi 


Air Meter formula; file at the Engineering Experiment Station, Drs. 
No. 829 and 830. A factor of 0.98 was applied to the Venturi Meter 
formula. 


. Air discharged under suction conditions, cubic feet per minute. Item 


(21) divided by Item (7). 


. Static pressure at fan outlet, inches water. From readings of draft 


gages taken during run. 


. Air horsepower -under actual air conditions and test speed. Item (22) 


multiplied by item. (23) and',by 5.1917, and divided by: 33,000. 

Shaft horsepower at test speed and actual air, conditions = Electrical 
Input (armature current < voltage) minus (stray power loss cor- 
responding to speed + copper loss in: armature corresponding to ar- 
mature current). 

Air discharged by. fan, cubic feet per minute, corrected to’ 900 revolu- 
tions per minute. Item (22)  multplied by 000.2 

item (16) 

Static pressure. at fan outlet, corrected to standard air-density and to 
900 revolutions per minute, inches of water. 


2 
Item (23) multiplied by yc and by (aa ey | 


Air horsepower corrected to standard air defisity and to 900 revolu- 
tions per minute. 


8 
Item (24) multiplied by feng) 2" od at (16) ] 


Shaft horsepower corrected to standard air density and to 900 revolu- 
tions per minute. Item (28) multiplied by 100 and divided by item 
(38). 

Air discharged by fan, cubic feet per minute, corrected to 850 revolu- 
‘ i Pe 850- 
tions per minute. Item (22) multiplied by—————— 

pe (22) P tem (6) 

Static pressure at fan outlet, corrected to standard air density and 

to 850 revolutions per minute, inches of water. 


2 
Item (23) multiplied by item Gy and by [ ier 16) ] 


Air horsepower corrected to standard air density and to 850 revolu- 
tions per minute. 
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8 
Item (24) multiplied by. mar nd by ‘em Gey 


33. Shaft horsepower corrected to standard air density and to 850 revolu- 
tions: per :minute.' ' Item °(32)° multiplied by 100 and divided by item 


(38). 
34; Air discharged: by: fan,:icubic feet per minute, corrected to’ 750 revolu- 
7 ehigd 750 
tions per minute. Item (22) multiplied by ————_ 
43 aise . of item (16) 


35. Static pressure at fan outlet, corrected ‘to standard air density and to 
750 revolutions per minute, inches of water. 


2 
Item (23) multiplied by 2/49? Wan atid by [: ee 5} | 


36. Air horsepower ‘corrected to standard air density ‘and to 750 revolu- 
tions per minute. 


8 
Item (24) multiplied by eney and by| a ey ) 
37, Shaft horsepower corrected ‘to standard air ‘density’ and to 750 revo- 
lutions per minute. Item (36).multiplied by 100 and divided by item 
(38). 
38) Fan) efficiency, per cent. Item: (24) divided ‘by item (25) and’ multi- 
plied by 100. ! 
39. Specific speed of fan, revolutions per minute. 
From the formula: 


Ny.= N_Q? ,:in which 
ht 


\Ns=specific speed, item: 39. 
N +900’ revolutions pér ‘minute. 
Q =item (26) divided by. 1,000. 
h =item |(27). 
40. Specific diameter of fan, inches, 
From the formula: 
D, = pi in which 
Qi» 
~D, = specific diameter, item (40). 
D =maximum tip diameter of fan =29 inches. 
h =item (27) and Q==. item (26) divided by 1,000, 

















U. S$. S. TRINITY. 


U.S. So TRINITY 


(EMERGENCY FLEET CORPORATION OIL, TANKER NO, 1661). 
DESCRIPTION AND TRIALS. 


By HENDERson B. GREGORY, ASSOCIATE. 


The Trinity is a single screw. oil,tanker fitted with geared — 


turbines and designed for a-speed:of about 10.5 knots, when 
the, main, turbines are developing about 2,800. shaft horse- 
ipower. She is the last of eight oil tankers contracted for, 
under date of October 10, 1918, with the Newport News Ship- 
building & Dry. Dock Co.,and the Navy Department, on behalf 
of the U.,S..Shipping Board Emergency. Fleet, Corporation. 

Under the terms. of the contract. the price of the hull and 
machinery was, based upon an estimated. cost of $2,200,000.00, 
plus or minus the cost of authorized changes, the contractors 
to receive a. fixed profit of $220,000.00; this profit to. be aug- 
mented, in the event of the actual cost being less than the esti- 
mated, cost,..or authorized revision thereof, by.one-third the 
amount sayed. 

The hull and machinery are in genesel eieces with the Rules 
of the American Bureau of Shipping for, highest.classification, 
and the U. §. Steamboat Inspection Rules for sea-going .ves- 
‘sels... The, Navy Department also inspected all work, 

The, keel. was laid November 10,1919, and, the: vessel was 
launched. July 3, 1920, 


* 
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GENERAL, DESCRIPTION OF HULL. 


The hull is of the following principal dimensions: 


Length over all, feet and inches..............ccceeeceeeseeeos 477-10 
between perpendiculars, feet and inches............... 463-3. 
on load-water line, feet and inches..................+- 462-10 
Beam, extreme, feet and inches..............ccccccccccesceeee 60-254 
on load-water line; feet and inches...............6..00. 60-0 
moulded, feet and inches..............0ceseeeccevecees 60-0 
Mean designed draught, feet and inches..................0000% 26-2 
Displacement on designed draught, tons................/...5. 16,785 
per inch on load-water line, tons:...,.......... 57.9 
Area of immersed midship section at designed draught, square 
feeb 5k Gate Ji Ea Al, Rais aad Bs 1,551 
of load-water line plane at designed draught, square feet. 24,318 
Wetted surface at designed draught, square feet............. 46,000 
Coefficient of fineness, block.............ccecceeceeseeeceeeens 0.812 
midship ‘section .......5.0..0 ec. ese ees 0.988 
load-water ‘line |.2.....00% woh) tasks 0.873 


The vessel is a single screw, steel steamship, with ‘straight 
stem, elliptical stern and with flat sheer amidships. It is rigged 
with two masts and one smoke pipe. It is of the shelter- 
deck type, with complete steel shelter, upper and main decks, 
except that the upper and main decks are omitted in way of 
the oil tank expansion trunks and the machinery space. 

The longitudinal system of framing and scantlings is fol- 
lowed throughout. 

The propelling machinery is located in the after end of the 
hold, and a screen bulkhead separates the engine and boiler 
rooms. Immediately.abaft the machinery compartment is the 
after peak tank. Forward of the boiler room and separated 
therefrom by a cofferdam, are the fuel’ oil bunker tanks, of 
63,000 cubic feet capacity. 

Reserve feed water is carried in tanks under the machinery 
space, and there as a ballast tank beneath the fuel oil bunkers. 

The amidship hold is divided into nine tanks, of about’450,- 
000 cubic feet total capacity, for carrying oil in bulk. ‘The 
tanks are provided with center-line bulkhead extending to the 
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shelter deck, dividing them into port and starboard compart- 
ments, and there are expansion trunks between the main and 
shelter decks for the full length of the tanks. The wing spaces, 
between the main and upper decks in way of the main oil tanks, 
are divided into five compartments, port and starboard, fitted 
up as summer oil tanks. The total capacity of these tanks 
is 43,000 cubic feet. There is a pump room between oil tanks 
Nos. 5 and 6, and a cofferdam forward of tank No. 1, be- 
tween tanks Nos. 3 and 4, and between tank No. 9 and tiie 
fuel oil bunker tanks, 

The following are located in the forward hold: a pump 
room, cargo space, fuel oil or ballast tanks, chain lockers and 
the fore peak tank. 

Aft on the main deck are located the cold storage compart- 
ments, fresh water tanks and storage space. Forward are 
cargo space and stores. 

The upper deck aft is fitted as crew’s quarters, The sick 
bay is located on this deck on the starboard side of the engine 
hatch. Forward are crew's quarters, prison, carpenter. shop; 
lamp room, emergency generator room, paint room and wind- 
lass engine. 

Aft on the shelter deci: is a deck house for the steering gear, 
with gun platform on top of the deck house. A similar gun 
platform is provided in the bow over the windlass. No guns 
are mounted. 

The crew’s mess is located in a deck house abreast of the 
engine hatch, port side, on the shelter deck, with spacious 
galley on center line abaft the engine hatch. The correspond- 
ing deck house on the starboard side of the engine hatch con- 
tains the general mess pantry, stores, laundry, and engineer’s 
office. 

The radio room is on top of the after deck house. 

Forward is a double tier deck house containing the officers’ 
quarters. It is raised 42 inches clear of the shelter deck. On 
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top of this deck house are the wheel house, chart. room and 
bridges. 

The tops of all deck houses and gun) platforms are. con- 
nected by fore-and-aft bridges. 


LIFE BOATS, ETC. 


The following life boats and life rafts are carried in skid- 
beams on top of the after deck houses, except the whale boats, 
which are carried on the forward deck house: 


No. Type. Capacity each. 
4 26-ft. Metallic life boats...2....0..0.)s0 ccc ea dee ee dis 50 persons 
9, DA-$6 Wihanle, Boats... res gtd ca hiaene Cyne Laps caries 23 persons, , 
reper rey re er or errr 
1 Racine life raft................... Os ak Cas hon a OED 24 persons 
5° hive ‘bioy ratte. ee ae Ae 25 persons 


All boats are swung in Norton ‘sheath screw davits. 


DECK MACHINERY. 


Windlass.—A 14-inch < 12-inch, double engine, Hyde an- 
chor windlass, with four gypsy heads, is located on the shelter 
deck forward; the engine is below on the upper deck. Patent 
anchors are carried, which are stowed in the hawse pipes. 

Deck Winches.—Three deck winches are provided; they are 
all of the Hyde Windlass Company’s design. ‘The bow and 
midship winches have two 8-inch < 10-inch steam cylinders; 
the stern winch, which is of greater power, has two 9-inch <’ 
14-inch steam cylinders. All winches have two gypsy heads. 

Steering Engine.—The steering engine and gear are located 
in a deck house aft on the shelter deck. It is of the Brown 
Steam Tiller type, as manufactured by the Hyde Windlass 
Co. The steam cylinders are 9-inch < 12-inch. 

Ammunition Hoists.—Four small Lidgerwood ammunition 
hoists are provided, two for each gun. They are driven by 
G. E. Co. motors. The ammunition is carried i in small ‘maga- 
zines in the forward and after holds. 
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CARGO OIL PIPING. . 


The cargo oil suction system consists of two 11-inch steel 
pipe lines, leading aft from the pump room, one on each side of 
the center line bulkhead, for draining tanks, 6 to 9, inclusive. 
Four similar lines lead forward, two for tanks 1, 2 and 3, and 
two for tanks 4 and 5. Each tank connects to its main through 
a 9-inch angle valve fitted with bell mouth carried down to near. 
the bottom of the tank. A master gate valve is fitted in the 
suction main at the transverse bulkhead nearest the pump room 
of each tank served. All valves are operated from the shelter 


deck. ‘ Valves are arranged that the pumps may draw from. 


any tank and discharge to any other tank. 

A 16-inch’ gate valve, operated from the shelter deck, is 
fitted on the center-line bulkhead between each pair of main 
cargo tanks, 

The summer tanks are drained by 6-inch pipes. Four 6- 
inch filling pipes, two port and two starboard, terminating on 
the shelter’ deck, are provided for these tanks ; they connect to 
the 6-inch drain mains, : 

Two 11-inch risers are fitted forward, from the suction 
mains to the shelter deck, for filling tanks 1, 2 and 3, and two 
similar risers aft for tanks 6 to 9, inclusive. Tanks 4 and 5 
are filled through connections on the 11-inch discharge mains 
at the pump room hatch, port and starboard. Each filling 
connection terminates at the deck with an 11-inch gate valve 
and 11-inch < 8-inch X 8-inch Y-casting with flanged ends. 
Eight-inch' \6-inch: flanged reducers: are: provided to: suit 6- 
inch U.,S. Navy standard. oil hose. :; 

Cargo oil is discharged through two 11-inch connections in 
the pump. room, leading to the. 11-inch cross-connection on the 
shelter deck and the discharge mains on: the, upper deck,’ port 


and ‘starboard. | ‘These mains are 11. inches diameter, extend+| 


ing aft along the upper deck ‘from: the, pump.’ room hatch for 
about 112 feet, where they rise to the-shelter deck and are car- 
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ried aft full size for a short distance and then reduced to 6 
inches, continuing to the after end of the deck house abreast 
of the engine room. Deck discharge connections are taken off 
these mains. Forward of the pump room hatch the mains are 
8 inches diameter for a distance of about 60 feet, where they 
branch into two 6-inch connections on each side of the vessel, 
one rising abruptly to the shelter deck and the other extending 
forward about 75 feet before rising to the shelter deck. All 
deck connections are flanged to suit 6-inch U, S. Navy standard 
oil hose. 

The cargo tanks are flooded through two 10-inch sea valves 
in the pump room, either direct or through the pumps, and are 
pumped overboard via the shelter deck cross-connection. Four 
portable sections of 8-inch pipe of. sufficient length to extend 
from the discharge outlets to the ship’s side are provided for 
pumping overboard. 

The forward fuel oil or ballast tanks are served by a fuel oil 
transfer pump located in the forward pump room. These 
tanks are provided with 6-inch deck filling connections, 5- 
inch suctions and a 4-inch discharge to the fuel oil transfer 
line and deck, the latter provided with a. portable section of 
piping extending to the ship’s side for overboard discharge. 

All oil tanks are provided with vents, steam fire-extinguish- 
ing-connections and steam heating coils. 





DESCRIPTION OF MACHINERY. 


The main propelling machinery, consisting of turbines and 
reduction gear, driving a single screw, scotch boilers, etc., is 
located in a common compartment in the after hold. 

Main Turbines—The main turbines are of the Curtis type 
as built by the Newport News Shipbuilding & Dry Dock Co. 
They are designed to develop about 2,800 $.H.P., with 220 
pounds steam pressure at the H.P. turbine, when driving the 
vessel at the designed speed of 10.5 knots. 
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There are two'turbines, a high pressure and a low ‘pressure, 
each fitted with’ an ahead anda reverse element in the same 
casing. 

The H.P. turbine has'one two-bucket and five singtictnsahal 
ahead stages and: one three-bucket reverse stage; a diaphragm 
separates the ahead and reverse stages. The moving buckets, 
of non-corrosive material, are carried on forged steel wheeis 
securely keyed to the turbine shaft. The casing is of cast 
iron, and divided into stages by cast iron diaphragms ‘split 
horizontally at the shaft and carrying steel nozzles cast in the 
diaphragms. ‘The first stage ahead and the reverse nozzles 
are of bronze and of the expanding type. The first ahead stage 
has eleven nozzles arranged in three groups, one of’ seven 
nozzles and two* of two nozzles each, the latter are controlled 
by valves in the steam chest. The reverse stage has aight's noz- 
zles, none fitted with control valves. 

The L.P. ahead turbine is of the drum type, with alternate 
rows of moving and stationary blades, fourteen stages in all. 
The drum iis of forged. steel carried on cast steel disks, ‘sé- 
curely keyed to the turbine shaft. Other parts are of the same 
material as in the case of the H.P. turbine. There is a three- 
bucket reverse wheel carried on the same shaft as the ahead 
drum. The reverse element has twenty-four nozzles. 


The rotors are carried in suitable bearings arranged at each - 


end of each turbine. Where the shafts pass through the tur- 
bine casings there are fitted the usual labyrinth packing 
glands, 

Each turbine is fitted with a Kingsbury thrust bearing at 
the forward end to take the steam thrust. 

The turbines are installed abreast, the H.P. starboard and 


the L.P. port, and connected to the reduction gear pinions py 


flexible couplings. 
The turbine data is given in Table I. 





* One group of two nozzles permanently blanked off after trials, 
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Control.and Reversing, Gear.—The turbines are controlled 
by a twin-throttle valve, which admits steam)ito the ahead 
or astern turbines as desired. The valves are so interlocked 
that only one can be operated at a time, thus rendering it im- 
possible to admit steam coincidently to the ahead and astern 
turbines. The interlocking gear is of ‘simple and rigid design 
and positively fool-proof under all conditions. 

The throttle valves are operated by levers working on quad- 
rants and arranged to be held in any position by ‘clamping 
screws... They are also fitted with. handwheels: mounted on 
short external.stems independent of the valve stems, which can 
be screwed-down against the ends of the latter: for positive 
closure of the valves... This feature is\also used for regulating 
the maximum amount of throttle opening under all’ conditions: 

Arrangement of Turbine Steam and. Receiver Pipes and 
Provision for Emergency Operation.—The steam and receiver 
piping is arranged as shown in Plate I.., In order to. provide 
for operating either turbine alone should the other be incapaci- 
tated,.the pipe joints A, B, C, D, E, F, G, and Hare fitted 
with distance pieces, as indicated. . The distance pieces are 
either blanks.or rings, which are inserted for the various con- 
ditions of operation as follows: 









































Blank: ‘'B;’? or Ring®“*R”” at 
(See Plate I 
Condition of Operation A.| B.|.C | D| EB,| F.| G | 
Both turbines (normal) Bi/R|BiR| BIR] R- B 
H. P. turbine only (emergency)| }B))}; R }) Be) R |: Rip Bis Bor R 
L. P. turbine only (emergency ) R|B |R|Bi]B,|RIR{B 














Under either emergency, condition, the; pinion, and, flexible 
coupling of the disabled turbine should be removed from the 
gear housing. 
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Reduction Gear.—A one step reduction gear is installed be- 
tween the main turbines and the propeller shaft. Each turbine 
drives a pinion in mesh with the gear, the latter is securely 
keyed to its shaft which connects to:the main. thrust. shaft. 
The gear and pinions are of the double helical type, with cut 
teeth. Each pinion is carried in three bearings and the gear 
shaft is carried in two bearings. The bearings and the gear 
teeth are supplied with forced lubrication. ‘Telltale oil vents 
are provided at each bearing and inspection handholes, fitted 
with locks, are provided in the casing for ready examination 
of the pinions and gear. 

The gear is of cast iron center fitted with forged steel rims 
in which the teeth are cut.. The gear shaft is forged steel and 
fitted with disc coupling for connecting to the propeller shaft- 
ing. The pinions are of forged steel and integral with their 
shafts. The entire reduction gear is carried in a heavy cast 
iron enclosed. casing. 

The reduction gear data is contained in Table I. 

Turning Gear.—A turning gear of the worm and wheel type 
is provided for jacking the main turbines, reduction gear and 
main shafting. It is driven by a 7-inch X 5-inch steam engine 
and also arranged for hand operation. 

Shafting and Bearings.—All-shafting is forged steel of solid 
section, with flanged couplings forged on and secured together 
by forged steel bolts. 

The propeller shaft is covered, within the stern tube, with 
composition sleeves 7/8-inch thick at the bearings and 1/2- 
inch thick between bearings. The sleeves are secured in the 
usual manner. 

The shafting is of the following principal dimensions : 


Thrust shaft, length, feet and inches...................0e000- 11-6 
diameter, INChES 5.6 cc ese ree eee eres 14% 

CORREG, SINE 65666 8K big oo vainicenecs sacc acs cease 10 
thickness, inches...........6.....0.eeeee 24 
diameter, inches......0...6...0.0:eeeeee 23% 

space between, inches.................6- 5 


bearing surface, square inches.......... 
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‘Line shaft, length, feet and inches..........00.scsseeeeeeeeees 21-8% 
digmieter, Melee 665 BET ie cv eae 13% 
Propeller shaft, length, feet and inches......... OE, POR, ak 17-38% 
diameter, inches...:.'...:.0..00 8250 eas 15 
Coupling discs, diameter, inches......0.....0.... ccc ccs ceuees 2614 
thickness, inches.............cccccceeeeceeeees 3% 
Coupling bolts, number per coupling..............0.ceceseeees 8 
diameter, inches.............cccceecseeccecess 2% 


The thrust bearing is of the usual adjustable horse-shoe ma- 
rine type. 


Thrust’ SHoee;  stimbet ooo 7 recs oa vos ohne ceaceceou> sesamin a8 10 
effective surface, square inches..............cceeeccceeecee 1920 


The shaft bearings are of the following characteristics : 
Thrust shaft bearings : 


nuinheriers: sisd). OSE. AL. woh cela: feiok 2 

length, . inches j4 oo 5.05 oc petanes eos 6 seo ea ge wy ob 144% 

Giaerer, GHEE 0. 65s ins cbs pecs ck s gdb eneuels ie 144% 

bearstar “SUPTSCe:’.s ... So act eacter i tete tts Me: White metal 

Line shaft bearings: 

DADO... 02 +445 Pevinders) ah cre rt as ockaea see ban? 2 

Jengtty, -nChes. 635 63 Seas cc ccuisonsixs 20 

CIAMELEL, - INCHES. 6. so oo cce ccs cecune simaeuscieocles 13% 

beating’ ‘surfacé..: PE. Pi AG. ON White metal 

Stern tube bearings : 

Forward, length, inches..............c0cceeennavas 24 
diameter, inches.............eceeeeseers 16 13/16 
bearing ‘surface... ... 2. ec cee Lignum vitae 

After, length, inches. ....5....00000.0.0000. 08: 60> 
diameter, inches. . ..... 06s 5sch sae. ede elen 163% 
bearing surface...........cecceeeeeeenes Lignum vitae 


Torsionmeter—A MacNab flashlight torsionmeter ‘is ‘fitted 
on the line shaft. 

Propeller.—The propeller is a right-hand true screw. It has 
four adjustable, detachable blades of manganese bronze. The 
hub and cap are cast iron. Each blade is secured to the hub by 
seven 3-inch steel studs and’ composition nuts.. The hub has a 
taper fit on the propeller shaft, is securely oes and’ held on 
by'a steel nut locked with a key. 
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PROPELLER DATA. 
Diameter, feet and inches 
Pitch as set, feet and inches 
Pitch adjustable from 13 feet 0 inches to 16 feet 0 inches. 
Pitch ratio 
Projected area, square feet 
Helicoidal area, square feet 
Disc area, square feet 
BiAT SI DAR LOU SUSAR. SIN PAL BUTI SR AAs 
Height of lower tip of blade above keel, inches 
Immersion of upper tip of blade at load draught, inches 

Main Condenser.—There is, one independent, cylindrical, 
double-flow, surface condenser located on the port side of the 
main engine. The shell and heads are’ of cast iron, tube sheets 
of rolled Muntz metal 1 3/8 inches thick, and seamless-drawn 
Admiralty metal tubes No. 16 B.W.G. thick, 3/4-inch outside 
diameter and 9 feet 3 3/8 inches long. The tubes are packed 
with corset lacing and brass ferrules. There are 2,366 tubes, 
giving a total cooling surface of 4,200 square feet. 

Vacuum Augmenter.—The main condenser is provided with 
a vacuum augmenter of the Parsons’ type, which takes its 
suction from the side of the condenser slightly above the bot- 
tom, and discharges into a small condenser of 70 square feet 
of cooling surface. 

Main Circulating Pump.—The circulating water is supplied 
by a double-suction, 14-inch, centrifugal pump, driven by a 
direct connected reciprocating engine having a cylinder 8 
inches in diameter by 10-inch stroke. Two engines are pro- 
vided’ one as. standby. 

Main Air Pump.—An independent main air pump is. in- 
stalled as noted in, Table II. 

Auxiliary Condenser.—A .small auxiliary condenser of, the . 
Wheeler surface type, combined. with horizontal air and cir- 
culating pump, is located.in the engine room outboard of. the 
main, condenser... It has 577 tubes, 3/4-inch. outside diameter; 
No. 16 B.W.G. thick and 6 feet 5 1/8 inches long, giving, a 
cooling surface of 705 square feet. 
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TABLE II.—INDEPENDENT RECIPROCATING PUMPS. 








No. Service, Size, Type and Make. Location, 
1 | Main air. Io in. X 22 in. X 18 in. vertical, twin- 
beam, single-acting ‘‘ Worthington.’’"| Engine room 
2 | Main Feed 12in. X 8 in. & 24 in. vertical, single, 
double-acting, ‘* Worthington.’’ Engine room 
1 | Auxiliary feed} 12 in. X 8 in. X 24 in. vertical, single, 
double-acting; ‘‘ Worthington ”’ Engine room 
1 | Sanitary 6 in. X 5% in. X 6 in., horizontal, du- 
plex, double-acting, ‘‘ Worthington.’’ | \Engine room 
1 | Combinedaux-| 12in. 14 in! X 14 ih, & 12 in.) hori- 
iliary.air and}. zontal, simplex, double-acting, com- 
circulating bined, ‘‘ Worthington.” Engine room 
1-|, Fresh water, .|.44 in, X 2%in. x 4 in., horizontal; du- 
plex, double-acting. Engine room 
I | Evaporator 44 in. X 2% in. X 4 in., horizontal, du- 
feed plex, double-acting. Engine room 
1 | Bilge 6 in. X 5% in. X 6 in., horizontal, du- 
plex, double-acting. Engine room 
2 | Lubricating oil) 64 in. X.7 in. X 8 in., vertical, sim- 
plex, double acting. Engine room 
2.| Ballast, fire 8 in. < 8}in, X12 in., horizontal, du- |-1 in) engine 
d bil lex, double-acting, ‘‘ Worthington.’’ room 
and bilge plex, double-acting, ington +i Rope 
pumproom - 
2 | Fueloil service) 54 in. X 3} in. X 5 in., horizontal, du- 
plex, double-acting. Boiler room 
2 | Fuel oiltrans- | 10 in, & 6 in. & 10 in., horizontal, du- | 1 in boiler 
fer plex, double-acting, ‘‘ National Tran- ge ti 
sit Pump & Machine Co,” , alin Poe 
2 | Cargo oil 18 in. X 14 in. X 24 in., horizontal, du- 
plex, double-acting, ‘‘ National Tran- 
sit Pump & Machine Co.’’ Pump room 
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Feed Water Heater—In the engine room, outboard and 
above the feed pumps, is a No. 12 Reilly, type C. multicoil feed- 
water heater. Between the feed pumps and the feed heater is 
a grease extractor. Both the feed heater and the grease ex- 
tractor can be by-passed. 

Hotwell Tank.—One hotwell tank of about 500 gallons total 
capacity is installed. It is fitted with a float and chronometer 
valve gear for automatically regulating the feed pumps. 

Independent Reciprocating Pumps.—Table II gives the prin- 
cipal data for all independent reciprocating pumps. 

Forced. Lubrication System.—The main turbine bearings 
and reduction gear are provided with forced lubrication... The 
system includes two oil pumps, two oil coolers, one oil drain 
tank of 370 gallons capacity, one 450 gallon gravity oil tank, 
one 450 gallon oil settling tank, three oil storage tanks of 1,050 
gallons combined capacity, and — necessary strainers, ther- 
mometers, etc. 

The pumps draw from the oil drain tank and discharge 
through, or by-pass, the coolers to the gravity tank, which is 
located at high elevation in the engine room hatch supplying oil 
by gravity to the turbine bearings and reduction gears, the dis- 
charge from which is led back to the drain tank. The pumps 
are also arranged to discharge to the turbine bearings and re- 
duction gear direct; also to the settling tank, which with the 

’ storage tanks have gravity connections to. the drain tank for 
replenishing the system. 

The pumps’ suction and discharge are provided with h duplex 
strainers, also an individual strainer is fitted in the discharge 
to each bearing and reduction gear spray nozzles. The drains 
from all bearings are fitted with thermometers. A thermom- 
eter is also fitted on the inlet to and outlet from the oil coolers. 

The gravity tank is fitted with an automatic alarm to indi- 
cate low oil level. 

The settling tank is fitted with steam heating coils for sepa- 
rating water from the oil, the water being drained off to the 
bilge. 
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Cooling water for the oil coolers is supplied by the main cir- 
culating pump, with an emergency connection from the sani- 
tary system. 

A rotary hand pump, discharging to the bilge, is provided 
for clearing the drain tank of water and sediment. 


tion. 

Botlers.—There are three main, horizontal,. single-ended, 
Scotch boilers and one horizontal, single-ended, Scotch donkey 
boiler, all fitted with separate combustion chambers; and ar- 
ranged to burn fuel oil. The main boilers are placed abreast 
just forward of the main turbines, with fire room forward. 
The donkey boiler is located in the boiler hatch at the upper 
deck level. 


BOILER DATA. 


Main 
(each). Donkey. 
Working pressure, pounds................... 220 180 
Test pressure, pounds. :...........0...000. 005 330 270 
Diameter, external, feet and inches.......... 14-7 3/16 114-1 
Length, over heads, feet and inches.,....... 11-6 10-1014 
Furnaces, number...............-eeeeeceeees 3 2 
thPe 2 ENC, es ee eS Morrison, Suspension 
diameter, internal; inches.:....... 43 39 
length, external, feet and inches... 8-1 13/16 .' 7-934 
Heating surface, square feet....,............ 2345 1223 
Tubes, material. 620.0500... ccc cee cece ceeees Charcoal iron, lap welded 
number, ordinary............4....000. 250 182 
StAY , .(sitkh ri. Sis ad Sees 100 56 
outside diameter, inches.............. 2% 2% 
thickness, ordinary, B.W.G........... No. 10 No. 10. 
“stay, inches... 50... 0500005. 5/16 5/16 
length, ordinary, inches........0....0. 93% 89 
Stay, inches. /..... éssiceaue. le 9414 8934 
Safety valve. G08. 6 oe toc bcc +cceascsan ane ce Twin, Ashton 
Sere eee coe ee eee Pee ee 3 2% 


Uptakes.—Uptakes of usual design for Howden; heated air, 
forced draft, connect the main boiler tube nests: to: the smoke 





The storage tanks. are filled through a suitable deck connec- 
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pipe. For heating the air; 789 83-inch by No. 12 B:W.G. tubes, 
presenting a total heating surface of 2,169 square feet, are in- 
stalled vertically in the uptakes. The gases of combustion 
pass through the tubes and’ the forced draft air outside. 

The donkey boiler ‘uptake ‘connects into ‘the smoke pipe im- 

mediately below the top of the boiler hatch. 
' Dampers are fitted in all uptakes. 

Smoke Pipe.—There is one double casing smoke pipe, 8 feet 
1 inch outside diameter and 80 feet high above the center of 
the lower furnaces. The clear cross-section’ area through the 
smoke pipe is 41:29 square feet: 

The donkey: boiler smoke pipe is inside the main smoke pipe 
and) extends tothe top. It is of single casing construction 33 
inches inside diameter. 

Forced Draft-—Howden, closed ash pit, heated air, forced 
draft is used for the main boilers. The air is supplied by one 
vertical, engine-driven, Sturtevant Type VS7, double-inlet, 
blower, with 110-inch diameter fan. The fan is provided with 
duplicate single engines, one being a standby, Each engine 
has a cylinder 7 inches diameter by 6 inches stroke, and is 
capable of driving the fan at 390 revolutions per minute. The 
unit is located in the engine room, starboard side, forward. 
The air is drawn from the engine'room and delivered, through 
sheet-iron ducts of rectangular section, to the heater boxes in 
the uptakés, thence to the ash pits: 

Fire Room Hoist.—A hoist of the steam ram type is fitted 
in the starboard ventilator to the fire room. 

Fuel Oil System —The Dahl system of mechanical oil-fuel 
burning is installed for both the main and donkey boilers. 
The: apparatus comprises one oil burner per furnace, three 
oil ‘heaters, two oil-fuel service and two oil-fuel transfer | 
pumps, together with the necessary strainers, piping, etc. The 
service pumps are arranged to draw from all bunker tanks, 
including summer tanks No.5 and cofferdam No. 3, which are 
fitted for carrying bunker oil-fuel,:and they discharge to the 
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burners’ through’ the’ oil-fuel heaters or bypass same. All 
bunker tanks are fitted with high and low suctions. 

Steam Piping.—The main steam pipe'is of seamless’ drawn 
steel. The feeders from the boilers are 6 inches ‘each; uniting 
into an '7-inch pipe leading to the main H.P. turbine twin throt- 
tle: valve.’ A’ 4 1/2+inch auxiliary steam connection ‘is *taken 
off each main boiler, forming a main with branches to the en- 
gine’room and deck, from which sub-branches are taken as re- 
quired:' The donkey boiler has’ a 4-inch connection ‘to the 
auxiliary steam line. A 2 1/2-inch independent steam’ line is 
led from the donkey boiler and’ No.1 main boiler ‘to the gen- 
erator sets in the engine room; they also take steam from the 
auxiliary steam line in the engine room: 

Auxiliary Exhaust Piping.—The exhaust steam from all 
auxiliaries is collected in a ‘common main connecting to’ the 
main and auxiliary condensers, and the feed water heater: A 
back ‘pressure valve is fitted at each condenser connection to 
maintain the necessary pressure ‘on the line for the feed water 
heater. ‘There is also a connection from the auxiliary exhaust 
line tothe 1st stage of the L.P. turbine: Care must 'be taken, 
however, when stopping or going astern, that the auxiliary 
exhaust is immediately shut off from the turbine; otherwise 
the ‘rotor may be distorted due’to unequal heating and the 
blading damaged. 

Feed System.—Three feed pumps are provided as listed in 
Table II. All feed pumps take their ‘suction from the hotwell 
tank and are arranged to feed the boilers direct or through the 
feed water heater. The feed stop and check valves are at the 
rear end of the boilers and are controlled from the engine room. 
One No. 13 1/2 and one No. 10 1/2 Metropolitan injector are 
also connected to the feed lines. 

Evaporating and Distilling Plant—tThe plant consists of 
two Reilly multicoil evaporators, each having a capacity of 35 
tons of fresh water per 24 hours, and two Reilly multicoil, 
vertical distillers, each of 6,000 gallons capacity per 24 hours, 
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together with the necessary pumps as listed in Table II... The 
evaporators are located in the engine room, at the working 
level, starboard side, aft, with the distillers above at high eleva- 
tion in the engine hatch, 

Refrigerating Plant,—The ice machine room is to starboard 
of the engine room, and it is entered from the middle grating. 
The outfit includes a 2-ton Kroeschell, vertical, double acting, 
CO, compressor driven by a direct-connected steam engine, oil 
separator, CO, receiver and condenser, together with the usual 
appurtenances, 

The refrigerating rooms are.on the main deck abaft the 
engine room. 

Lighting Plant—There are two G. E. Co. direct current, 
20-KW, horizontal, compound-wound, Type MP6-20-400, 
generators, each driven by. a 9-inch X 7-inch vertical, single, 
direct-connected, steam engine. They are located ona flat in 
the after end of the engine room. The switchboard is just 
abaft the generators. Current is supplied at 110 volts. 

An emergency generator-set is also provided. It is located 
on the upper deck forward and consists of a Westinghouse, 
direct current, 12.5. kilowatt, 125 volt, generator, designed 
for 600 revolutions per minute, and driven by a 25 horse- 
power, four-cylinder, Clifton Motor Works kerosene engine. 

Workshop.—A small workshop is provided to starboard of 
the engine room, at the level of the middle grating. . It is 
equipped with the following tools and equipment : 


16-inch Steptoe shaper. 

Buffalo Forge Co. hand drill. 

12-inch Blount, double-energy grinder. 
Grindstone. 

16-inch Davis lathe. 

20-inch Fairbanks, upright drill. 
Anvil. 

Portable forge. 


fe pk 
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1 Work bench. 

2 Vises. 

Outfit of hand tools. 

All tools are belt driven from overhead shaft and pulleys. 
The power is supplied by a'7 H-P., G. ®. Co., ‘direct-current 
motor, designed for 1,150 revolutions per’ minute. 


TRIALS. 


The contract required: 

(a) A trial over a measured mile in the deepest. water avail- 
able and at the highest speed obtainable, not Jess than three 
runs over the mile to be made, and the mean speed and revolu- 
tions for these runs carefully ascertained. 

(b) A full speed trial of four hours’ duration in deep water 
at the highest speed attainable (not less than 10 1/2 knots), 
to be determined by the average revolutions of the main shaft 
according to the measured mile trial. During this trial all the 
auxiliaries necessary for the service of the vessel, including 
dynamos for efficient lighting, shall be in operation... The fuel 
oil consumption on this trial to be measured and. not to exceed 
the equivalent of 325 pounds per knot at 10 1/2 knots. 

(c) Turning and backing trials to test the engines and steer- 
ing gear. 

The above requirements, however, were much enlarged upon 
by the contractors, as shown in the following description of 
the trials. 

On the morning of August 31, 1920, the Trinity sailed from 
Newport News, Va.,. for. the. measured: mile course: off the 
Delaware Breakwater. A brief stop was made off Old Point 
Comfort to pick up the Trial Board, during which time the 
shaft was dragged to ascertain the zero reading of the torsion 
meter. Off Cape Henry the vessel was swung for the purpose 
of adjusting the compasses, upon completion: of: which she 
proceeded on her course up the coast. 
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Four-Hour Official Full-Power Trial.—This trial was con- 
ducted on the run up the coast. It was extended to four and 
one-half hours duration and divided into two periods as fol- 
lows; During the first two and one-half, houts the water con- 
sumption of the main turbines and auxiliaries was measured, 
using the excess auxiliary exhaust in the L.P.. turbine, and 
during the last two hours that of the main turbines only was 
measured, with no auxiliary exhaust admitted to the L.P. 
turbine; other conditions remaining unchanged. The fuel oil 
consumption was measured continuously throughout the 
four and one-half hours of the trial. The data obtained on 
this trial are given in Table ITT. 

Steering and Backing Tests—Upon conclusion of the full 
power trial the astern steering and reversing tests were con- 
ducted, the ahead steering test, including the figure eight, hav- 
ing been run at the end of the compass adjustment. ; 

The results of the ahead steering tests were as follows: 
Rudder from center to full right.......0....0.-.cssssaeeensens 20.5. sec. 

Steam pressure drop from 160 pounds to 125 pounds. 

Rudder from full ‘right to full left.......0 000. eee 30 sec. 

Steam pressure drop from ‘160 pounds to 120 pounds. 


Rudder from) full left jto centers. cic. ce bicsme ed ec dshe cea edie pe’ 11.5 sec, 
Steam pressure drop from 160 pounds to 120 pounds, 


The results of the astern steering tests were as Sion 


Rudder’ from ‘Center ‘to 35 degrees left 


Vakbcws tts orinpat o¥ods) of lee 
Steam pressure drop from 155: pounds’to 120 ‘pours. me 
Rudder from 35 degrees left to 35 degrees right..............0/< 22 set; 
Steam pressure drop from 155, pounds to 118 pounds, | 
Rudder from 35 degrees right to GORET sc oicie a's NT bas bg ps eu 12 sec. 
Steam presstire drop! froni! 155° pounds to 120 pounds. " Bi 
The results of the reversing tests were as follows: 
Time for tachines to stop from full ahead ee ae , oy 5B set. 


Time for ‘turbines to reach full astern from full ahead... 
Time ‘for ship ‘to’ become dead in’ water.....;... eiges fe. .. 7 min. 30 sec. 
Headway ‘reached: ise Qi on EPO? 290, Sab Yards) 


Time for turbines to shies from. full, asterns;;..e2ju09-.c00.. no bobgoneée] 
Time for turbines to reach full ahead from full astern.... 2 min. 10 sec. 


3 min. 50 sec, 
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The. reversing tests were repeated on September 1, 1920, 
after the standardization trials, with the following ‘results: 


Time for turbines to stop from full ahead............... 33 ‘sec. 
Time for turbines to‘reach full astern from full ahead.... 2 min. 32’ sec. 
Time for ship to become dead in water... ....:)....0.65% 5 min. 58 sec. 
Headway reached ...............eee0ee Pere ESE TL Cane yh 1,119 yards. 
Time for turbines to stop from full astern............... 20 sec. 


The pressures, R.P.M, and S.H.P.. during the astern runs 
were as follows: 








H. P. L. P. Cond L. P. a 
Time Astern | Astern’'| \),.°' | Exh. a |S. HP. 
Chest; Chest : Temp. od : 
August 31, 1920 — ' 
4:44 150 ° 29 97 | 57 || 1,105 
4:46 145 oa 28.8 pe 58 1,162 
4:48 145 ° 29 97 57 | ‘1,160 
4:50 150 a ies ons see 57 1,160 
4:52 150 fo) 28.8 ea 60 1,300 
4:54 weaee EUSA ee Gann ere as 60 1,300 
September 1, 1920 f 
12:02 5 ae as ‘Sdeue was 68 1,560 
12:04 175 A sis agers ee 62 1,550 
12:06 Riek = abtnes ait 62 1,420 





























The maximum astern chest pressure at which the boiler 
pressure could be kept up was, 175 pounds. .......» 

Two-Houw Full Power Trial with no. Auxiliary. Exhaust 
Admitted to the LP. Turbine.—-Following the.astern steering 
and reversing tests a‘ special two-hour ‘trial at full power was 
conducted to ascertain ‘thé oil consumption and the water con- 
sumption of the turbines and auxiliaries with no auxiliary ex- 
haust' admitted to'the LP. turbine’ This’ tim was conducted 
under similar conditions to the last two hours of the, four and 
one-half hour full: power ‘trial, ‘hence, the: difference’ in water 
rates between the two is the actual water rate of the auxiliaries; 
likewise the difference in water rates between this run and the 
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first two and one-half:hours of the four and one-half hour full 
power trial is the amount by which the total water rate is re- 
duced by using the excess auxiliary exhaust in the L.P. tur- 
bine. The data collected are given in Table III. 

About midnight the Trinity dropped anchor off the Dela- 
ware Breakwater. 

Standardization Trial—About 6:30 A.M., September 1, 
1920, the Trinity started to weigh anchor, but owing to a blow- 
out of the windlass engine piston rod packings the start for 
the measured mile was delayed until about two hours later. 
The displacement was estimated to be 16,590 tons. Nine runs 


were made. over the course during which the following figures 
were obtained : 





S. H..P.* 
(Forward 
T. M. Scale 
Readings) 





Group No, 1: Run No, 1 S— 8.007 knots | 70.07 R. 
Run No, 2 N- 9.934 knots | 69.37 R. 
Run No. 3 S- 8,280 knots | 71.48 R. 
Average - 9.039 knots | 70.07 R. 


1,425 
1,453 
‘1,518 
1,450 
Group No. 2: Run No, 4 N-11.033 knots | 80.17 R. 
Run No. 5 S-10,110 knots | 82.39 R. 
Run No. 6N-10.746 knots | 79.88 R. 
Average  —10.50 knots | 81.21 R. 


2,420 
2,418 
2,305 
2,387 


3.320 


3,550 
3,600 


31595 


Run No. 7 S-11.662 knots | 91.54 R. 
Run No, 8 N-11:542 knots | 92.05 R. 
Run No. '9 S-12.510 knots |; 93.22 R, 
Average ~11.815 knots | 92.22 R. 


mm OO TS 
REEE SEEE BEES 














The curves, Plate II, were plotted from the above data. 


“As the after scale reading of the torsion meter was from 8 to 10 units higher 
than the forward, scale reading, the S,H.P. throughout is based on the) forward 
reading, which was used in the shop calibration of the shaft, rather than the average 
reading of the forward and after scales. : 
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The standardization trial was completed at noon, following 
which the Trial Board was put ashore and the vessel proceeded 
to sea for the Virginia Capes. 

Two-Hour Trial at Reduced Power.—On the run home an 
extra trial of two hours’ duration at reduced power was con- 
ducted, measuring oil consumption and the water consump- 
tion of the turbines and. auxiliaries, using the excess auxiliary | 
exhaust in the L.P. turbine. For data see Table III. 

One and One-Half Hour Trial at Reduced Power.—Fol- 
lowing the two-hour trial at reduced power a similar trial of 
one and one-half hours’ duration was run, During this trial 
the oil consumption and the water consumption of the turbines 
only ‘was measured, using no auxiliary exhaust in the L.P. 
turbine. The data are given in Table III. 

Table III also contains, for comparison, data taken on cor- 
responding trials of U. S. S. Ramapo, sister ship of the Trinity 
and ‘fitted with a quadruple expansion reciprocating engine. 
A complete description of U. S. S. Ramapo is given in Vol- 
ume XXXI, No. 4, November, 1919, of the JouRNAL. 

All data in Table III are those recorded by the contractors, 
and should not differ from the corresponding official figures by 
any appreciable amount. 


The following auxiliaries were in use on all trials: 
Main Circulating Pump. 
One Main Feed Pump. 
Forced Draft Blower. 
One Fuel Oil Service Pump. 
Fuel Oil Heaters. 
Main Air Pump. 
One Lubricating Oil Pump. 
Bilge Pump. 
Sanitary Pump. 
Fuel Oil Transfer egy (Pumping oil and water to 
Auxiliary Feed Pump measuring tanks. ) 








306 
348 | 302 


Reduction Gear Data. 
oes | a 
1 

Number of teeth 533 
Diam. of pitch circle | 113.164" 

" - over teeth 113.635" 
Oircular pitch 
Helicel angle 
Dien. + aap journais 


P. 90 2 
Gear ratio 1:16.15 


































































































Circumferential Tip Glesranee 
lo. per Row.| “eneth, inchs! os+on at vase, inch af ag 
Casing “eis | Casing | Rotor Casing Reter Casing | Rotor 
64" H.P. Ahead Turbine. 
73 oy 2.505 |8: 0.48 cet 
1.7628 8:% 
400 2845 0.41 
399 1.970 0.41 
398 2.220 0.41 
896 5826 0.41 
60-1/2" B.P. Astern Purbine. 
806 0.60 
62 | 802 | 2.88126/3 Sesto” 0.80 0.80 
62 | 800 | 3.66675] 3.6688 0.60 0.50 
L.P. Ahead Turbine. 
£298 | 300 | 2.470 -|2,470 0.46 0.42 204 | «106 
300 300 | 2.6656 |2.688 246 0.41 204 206 
308 | 300 /|3.220 |3.220 246 0.41 204 206 
312 300: 3.533 3.838 0,46 0.41 204 206 
S16 | 300 |3.845 |3.845 246 0.41 04 06. 
$20 | 800 /4.188 |4.158 046 0.41 204 206 
328 | 300 /4.688 | 4.658 246 0.41 204 006 
334 | 300 |6.095 | 6.095 0.46 0.41 06 08 
342 | 300 |5.720 |5.780 0.46 0.41 206 08 
350 | 800 |6.345 | 6,345 0.46 0.41 06 08 
356 | 500 |6.845 | 6.848 0.46 0.41 06 08 
S02 | 246 17.725 |7.725 0.86 0.50 <0? 09 
S16 | 246 19.100 /|9.160 0.86 80 207 209 
518 246 9.100 9.100 0.86 0.80 207 209 
61° L. BP. Astern Turbine. 
306 5.068 0.50 
348 | 302 13,975 [4.181 0.80 0.80 
368 | 300 | 5.069 | 5:1688 0.60 0.50 
ate. Turbine Retor Shafting and Drums. 
+ Pinions H.P. Turbine |L.P. Turbine 
ae 1 2o50 Drum, shead turbine, aiameter| Hone 3 
met eter | ao at” [aoa 
. 3 yh 0 ’ 
ihe paldveed? ase heft, length 1 20 
an 6" @iemeter, maximum 114" nt" 
10 1453.6 at journals 7" b dad 































































Date of NOOR ich cK 4s 6 0A Nddw 0 ks bab aK bees bak hak: 
Time 


SPH PSHCRTAE EROS OHO HERETO SE HHH OSES HH EOS HEH FEES eeveesces 


‘ ea in knote (from OUTVO) siccccedccbecccccedeadecevessunenee 


Preseur ave ): 
Mein stean, vo lers, — & Fosoveveeseveseerssecsessses 
° Se gauge Pee erercosesereeseeees) 

B.P. chest ) s 


B.P. lst stage, Ibs. gauge vovccscesseccescecese 

LP. 6. ° « bed Poeeseesroevceseseses 
Veouum, main cond., inches Of meroury .sccsccccccvcceseccccs 
Barometer, inches of mercury .... 
Main feed, lhe. gauze .o+-+s- 


Auxiliery exhaust, lobe. gauge « 

Puel 011 to burners, lbs. ge - 

Foreed draft inches of WAWE sere cccacccesessocescccceeees 
RB.P.M. or double strokes per min, (average): 

Propeller SOPH HSER H HSER E HOTTEST RED ERE FESS HOHE SEES ESOS ET ORES 

Main cirouleting pump Scere seeeeeeeseeseevesesesseeesesseeesse 

bag air pum Peer eseeeseseeeeereeseeeseaeeeeesveseeesesesese ss si 

bf feed SOPH HOSED Ore HHO H HEHEHE SEE SESELeOSEEOSEEESG 

peg He WOWOT asccevese 

Service pumps ...... 

8.H.P. Teveungs) eeeveeccccecore 

tures, degrees F. (average 

in LNJOOCLON: .occcsecceccservece SoCo evscccvevcenesecsseves 

* overboard GL OHA MBO . 2. sc eesvccreveceserecccceresenses 


Peeeeoresrceserresesseeves 


“ “exhaust SSCS EC ERE SEES ESTES ESTES EOSESESES ESE ESE SI 

4 Hotwell SOPH SH SOHO EET SHO HO SOR ESEER EOE DOOR OR OEE SERS O ORE ESEOe 
Main feed PSSST SER ETHOHHHS SSE E HS EeESSEHESEHHEHTES OS 
Bir to forced draft blower coceeccesccsvecnsecsensesessececsl 
Pawh O11] to DUTNETS wccccccccicvccvecccresccsvescvescscvecessl 






labricat oil to cooler . oceeeecs coves 
. "frm * . 

Engine room working level «.. eecccececcas eecesd 

Fire room , 


Outside air Geb aies baubiMadvog 40k deg hai ka veschaudescs cebaod 
Water consumption: ss 
Pounds per hour, main CUPDINES cecccecvocevcsccseccevesscese 

~ * end eure 





per ae Sis man cus debinusa eeamceeenoon 

evapores pOCTUAL er cevencsocvcvcssceesvese 

per Spt ape Bie @veovceesevesecs 

Of O11 SOtUAl «.-cccevess 

from and st 812°P: 

be yr make-up feed, SPeeeeneerereeeeeserorsooosseen” 
oil consumption: 

gate le 23-7 pt 

Beume et 60° F, 25.78, 

per hour Ppeecerceerecencebeveseneccsnevescsevesseved 


FON cccccctecscceresevevetseeseeesececeessend 


Ot 10.5 mmote, ..ccccsecss 
guaranteed 


below FOntee, «ssee 
hour per S$. Pe coves vecess oeocseossseca 


Sq. tte of u.8. Seseeeseeeaeeeseeeeeneveses 
Miscellaneous data: 


Per cent. G02 Se Peso eresenersesrereensererreresersorseveesed 
Sumber of voilere in we seeeeeeereserseeseeseseosoeseeeeeseeee 
- ud bumers HM erew eres eteresccereeeoeroacneerese” 
Auxiliary exhaust BAMIC TOE TO eceeccccecccserevcccesccceseea 
Sumber of nossles open SESS SHEHTHTHHSESSHHSFT ESE HSSHSETEFEESEESE 
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LP. turbine ‘Feed beste: 
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“Based on 2$ hour period.  **2,770 2s. per hr., besed on 2} hour 
Indicated Horse Power. Reciprocating engines. <xPer I.H.P. 
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maewrine hava Messuring ‘ing Measuring Mecsuring 
11,8 Water 011,& Water P nik & Se 011, & deter 011,8 Water [011.& Water [011,a Water 
Main wean "terbines Turbines M.B.e Auxs. | Mek.only. [M.E& doze 
only. & home. ~~ Auxe. ° 
~ 5 31, ar wr eg ol 0ot.15,1919 | 0ct.15,1919 1919 
238 Bll. to | 6:80 Poke to s:ab bak Per Sen to | 12:48 4M. | 3:26 P.M. Pou. 
4:50 P. 7:30 P.M. o:45°? ri. 7:30 P.M, to 2:46 P.M.ito 6:15 P.M. A, 6:16 PM. 
pes 11.16 045 el4 le. 11.82 9.08 
10, 9.97 9.61 18.2 18.28 15,2? 
16,617 647 16,690 16, 16,648 16,668 16,622 
216 2s 2iz 204 222 222 220 
224 = 211 208 ee eco soe 
a 209 201 216 217 216 
eo & 42 0 ean aen ccealnel 
1.0 o 0.86 1 ineh ded ocee on 
37.68 87.9 26 26.8 27.8 27.9 26 
90.000 30.049 30.066 30.065 30.48 30.48 30.338 
246 24, 844 245 a? 
0.8 0.6 1 0.6 ooo woe ooo 
198 192 136 10 ooo ooo Seal 
9 7 9 ? ig 11.6 20. 
4 117 166 16? 1. 182 95 
1.8 t.3 1.86 1.9 1.84 1,88 0.6 
86.64 80.8 78.4 74.2 14.6 6 
180 . 17 “147 109.7 6.8 112 110 
26 al 20 Atteched sir pump.) 
12 10 12 18.8 11.6 6 ? 
270 269 301 2590 276 1% 1462 
13 o-oo ua | u 8 9 
2,810 2,298 2,166 2, 2,990 $ 1,680 ¢ 1,606 
76 72 73 70.3 67.3 68 68 
J 92 91 Fert | 4 80 7 
106 102 99 14.6 97.7 or 65 
9 100 99 o<e ooo ooo eco 
1158 112 99 123.2 101.8 o 86 
194 a 206 204 196 176 188 192 
100 97 of 106 102.6 90 90 
168 162 183 14.6 139.5 139 1466 
606 480 613 545 665 424 480 
eee oa eaee em oom eee ees, 
eco ese ae 96.6 98.8 66 66 
a — eco 110 ‘ 86 66 
—_ ose 29,900 38, 231 # ose 20,196 # 
46,800 87,645 --- 42,161 # 138 4 eo 
16.3 16.49 13.81 14.42 “1.8 z 14.16z 122 
6,176 9840 © oan F oon 24,673 ani 
6.86 oon 6.28 —- = ooo 
13.66 14.01, e, 13.8 ooo 18.5 oo 
14.8 14.81 ooo 14.4 “oo 14. 
340 238 oon ene ooo 
nog egrevi ae: B5 bie 
e e 
dotual 19000. [4ctual Baume =F ase ?. 23 
B.?.U. B.T.U. Flash 
3,388) 5,265 |2,726¢* 2,670 2,720 #66 3,246 3.380 1,827 
3800 260 209 207 “198 
oo on om “eo oe 2738 eee ase 
ooo ooo - oso ome 
1.279] 2.166 |1.179 | 1.156 1,287} 1.212 liz ial 
0.478} 0.464 oees eses's | 0,580] 0.568 0.462 0.497 = | 
12.8 <8 11,8 10 9.96 10 
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Auxiliary Air and Circulating Pump (On Runs Nos. 
3 and 8). 

Steering Engine. 

Galley. 

One Dynamo. 

Ice Machine. 


Heating system, evaporators and heater coils in fuel oil tank 
were not in use. 

Acknowledgment is here made of:my indebtedness to the 
contractors, who courteously furnished all trial data used in 


the preparation of this article and otherwise rendered valuable 
assistance. 
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THE DESIGN OF WAR VESSELS AS AFFECTED BY THE 
WORLD WAR.* 


By Rear Apmirat, Davm Watson TAyYtor. 


Chief Constructor U.S:N., Chief of Bureau of Construction and Repair, Navy 
Department, Washington, D. C, 
M of the Institute. 


The Battle of Trafalgar was fought October 21, 1805, or early in the 
nineteenth century. In the early part of the present century the tactics 
employed in that battle were still being discussed, but although Nelson’s 
Flagship, the Victory, is preserved by England at Portsmouth, it is of no 
interest from a material point of view to designers of war vessels of the 
present day. Similarly, with the rapid engineering development of naval 
material which has been going on for more than fifty years and bids fair 
to continue, the material lessons from the World War must be gathered 
within a comparatively short time. Even so, to answer fully the ques- 
tion, “ What has been the effect of the World War on warship design?” 
is ‘not as yet possible. For years it will be necessary to collate and study 
an enormous mass of experience, some written, some oral, some originat- 
ing from the responsible controlling bodies of the great navies, and much 
from individuals, including not only those of great eminence, but many 
whose names will never emerge from comparative obscurity, though their 
experience in the aggregate may in the long run exercise a dominating 
influence. 

As a practical proposition the full effect of war experience will be dem- 
onstrated in concrete form only after service opinion has been crystallized 
and become definite in direction as a result of study and discussion by a 
large number of officers. Certainly that will be the case in the American 
. Navy where the organization is such that service opinion necessarily con- 

trols policy in the development of naval types. The service is a customer 
of the naval designer, and although the latter may influence and at times 
interpret and lead service opinion, the customer will have. what he de- 
mands, What I say today must therefore be taken more in the light of a 
discussion of this intensely interesting subject, than, as a hard-and-fast 
laying down of principles or expressions of final opiriion. 

Let me call attention at once to the fact that, after all, there has been 
nothing startling or revolutionary brought about by the experience of 
fifty-one months of war. There has mainly resulted an intensive develop- 
ment of each of the accepted types which existed at the outbreak of the 
war and which were the results of many years of study, experiment, and 
practice in all of the great navies of the world. It is true that some new 
types have appeared, but with one exception, namely, aircraft carriers, 
they have been of minor importance when measured by the cost and time 
required for production. 


* Presented at the Stated Meeting of the Institute held Wednesday, April 21, 1920. 
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When we consider types and not details, we must not look only to the 

few naval battles of the World War which can justly be classed as major 
actions for the influences affecting our naval construction of the future. 
It is necessary, to consider the particular trend of naval events, the accu- 
mulated experience, and the principal phases of naval activity during the 
more than four years of hostilities. 
_ The first of these must naturally be the causes which gave not only the 
initial but the continuing ‘command of the sea to the Allies. We know 
that at the outbreak of the war all German mercantile vessels quickly 
disappeared from the high. seas, being either held in their own ports or 
promptly interned in neutral ports. On the other hand, Allied commerce 
proceeded on its way. It was not the great British Battle Fleet which the 
German merchantmen feared, for they knew that this Fleet would be con- 
centrated at one point within easy striking distance of the German coasts 
and therefore it could be easily avoided: What they feared were the 
Allied Cruisers, Auxiliaries, Destroyers and light vessels of every class. 
Just as the few German Cruisers which were at large were captured or 
sunk within a few months, so could this cloud of Allied light craft have 
been swept from the seas had the German heavy fighting forces been 
able to operate without first giving battle to the superior British Battle 
Fleet. They were unable to do this at any time during the war. As a 
result every military effort of the Central Powers afloat and ashore was 
made more difficult because of the slow but sure throttling of their 
economic and industrial life. Without the British Battle Fleet the blockade 
of Germany would have been ineffective. This factor had such a deter- 
mining influence, both on the duration and final outcome of the war, that 
the types of vessel which make up the main fighting fleets are more firmly 
established than ever as the essential ones contributing to’ naval power. 
If these great battleships and battle cruisers disappear, either in the near 
or the distant future, it will’ be as a result of engineering progress and 
the invention and perfection of new weapons and not as a result of the 
World War. 

Battleships and battle cruisers were in actual conflict with vessels of 
the same type and power on only two occasions: at the Dogger Bank on 
January 24, 1915, and at Jutland on May 31, 1916. These actions, how- 
ever, do not by any means represent the sum total of their activity. When 
the location and activity of the German Cruiser Squadron in the Pacific 
was disclosed by the tragedy off Coronel, two battle cruisers at once sailed 
to search out arid destroy this troublesome squadron. Perhaps they were 
lucky in coming into contact with the enemy immediately, but the celerity 
and success with which they accomplished their mission at the Falkland 
Islands gave a great impetus to the favor in which this type was held by 
naval men. The immediate effect of this sentiment was seen in the Brit- 
ish battle cruisers Repulse and Renown, which represent the extreme of 
the type; that is, armor and gunpower were sacrificed to speed to an even 
greater extent than in the original battle cruiser. These were quickly fol- 
lowed by an even greater extreme, the Courageous, Furious and Glorious, 
which can be denominated either small light battle cruisers or enormously 
large light cruisers, as they have the largest guns characteristic of the for- 
mer-and the total absence of armor protection characteristic of the latter, 
while possessing the high speed common to both. The battle off Dogger 
Bank served only to confirm the conclusions on which these two classes 
of ships had been laid down, In this engagement, the rival battle cruisers 
met for the first time, with the result that those on both sides demon- 
strated their ability to stand heavy punishment without succumbing to 
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fatal damage. Even the older German cruiser Blucher, which was in- 
ferior in gunpower, protection and speed to all of the others, succumbed 
only after surviving for a considerable period of extremely heavy pun- 
ishment. If there had been no further war experience with the battle 
cruiser type it is likely that the idea that protection is not important for 
them would have prevailed, and the combination, of extreme speed, guns 
of the largest size, and the minimum of protection might have been in 
favor for some years. But the Battle of Jutland gave a rude shock to 
Opinions based on earlier actions. 

The Battle of Jutland is easily the foremost single event of -modern 
naval history.. The controversial. phases of the tactics employed in this 
battle are only of interest to the naval designer in so far as the material 
in the two fleets influenced the judgment and decisions of the high com- 
mand on each side, and to the extent that new instruments of naval war- 
fare, not then available but developed since, would have exercised a de- 
termining influence in the tactics employed; in the latter class comes the 
use of aircraft, and I will have occasion later in this. paper to refer to the 
use and influence of aircraft in naval operations from the designer's point 
of view. By far the most important aspect of this engagement to the 
designer is the manner in which the various types of vessels engaged 
fulfilled the functions for which they were originally designed, In regard 
to. type, the first outstanding fact. is that battle cruisers must inevitably 
play an important role in major fleet actions. Each side in turn, first the 
Germans and then the British, used their battle cruisers to lead the whole 
or a portion of the enemy’s fleet to contact with the main body of their 
own fleet. In fact, with the single exception of the Warspite, it was the 
battle cruisers on both sides that Stood the brunt of the action and re- 
ceived the lion’s share of punishment from the enemy. If the battle had 
been fought to a finish between the battleships, there might have been a 
different story to tell. The losses and heavy damages sustaind by the ves- 
sels of battle cruiser type bear out to some extent the pre-war conten- 
tions of those who maintained that it was not fit to take its place in the 
line of battle. On the other hand, excepting their greater vulnerability, 
it cannot be denied that they acquitted themselves with credit even when 
pitted against the more heavily armed and armored battleship. Further- 
more, not only was the value of their great speed demonstrated, but also 
the value of one side holding the speed gauge over the other was shown, 
for, it was due to the possession of higher speed by the British that the 
German Fleet, at the end of the second phase of the battle, found itself 
in a position which was so bad tactically that the German Chief-of-Staff 
is quoted as saying that if any Admiral had involved himself in such a 
position in peace time maneuvers he would never again have obtained a 
command afloat. Another result from this action of general influence on 
type is found in connection with the use of older battleships, generally re- 
ferred to as of the “ Pre-dreadnaught” era. The German Fleet included 
one squadron of vessels of this type, and this squadron not only failed to 
be of any essential assistance to them but proved actually to be a handi- 
cap on their freedom, of maneuver. The force of this lesson was shown 
by the fact that subsequent to the battle most of the German battleships 
of this type were retired from active commission, . The material weakness 
of this type of older ships, when oppdsed to. the most modern weapons, 
was shown in the case of the Pommern, which blew up.and sunk immedi- 
ately as a result of a single torpedo. The ineffectiveness of these older 
ships, as shown by many incidents of war, will be'referred to later. 
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The ability of the large; ‘modern, heavily-armored ‘ships not’ only to sur- 
vive; but to continue in action after the most severe punishment, wag per- 
haps best shown by the British battleship Warspite, which, dué to an un- 
fortunate accident to the steering gear, sheered out of the battle line and 
made two complete circles within short range of the German ‘Fleet. ‘This 
vessel was hit by major caliber shell between 20‘and 25: times. The net 
result of this tremendous hammering ‘was that ‘ore out’ of eight 15-itich 
guns was put out of action; there was no damage of any kind to her main 
machinery plant; the upper works and unprotected portions of the ship 
were riddled; communications were interrupted to a considerable’ extent; 
and some compartments at and below the waterline were flooded by watér 
which came in from above, but none of the main compartments were’ af- 
fected to such:an extent that the entering water could not be handled by 
the pumping arrangements provided. In short, although the’ship ‘had lost 
a ‘certain amount of her margin of safety, due to decreased’ buoyaticy and 
stability, and her speed had suffered on account of increased’ resistance 
due to her greater draft, she was entirely capable of resuming’action after 
adjustments to her steering gear. 

The Marlborough was another example of a battleship: continuing’ in 
action after receiving what we were inclined formerly to consider would 
be a disabling attack. This vessel although of the “Dreadnaught” era, 
has ‘not what is now considered ‘a highly efficient form of protection 
against torpedo attack, yet, after being struck by a torpedo, resulting’ in 
the flooding of a number of compartments, which produced a list of about 
7 degrees, the vessel continued in action at a speed of 17 knots. 

Similarly, the German battleship Ostfriesland: (of the “ Dreadnaught” 
era) was struck by a torpedo which produced some flooding, but the’ ves- 
sel was otherwise unaffected and continued on with the German Fleet. 

No other British battleships received any considerable amount of 
punishment, but three of the modern German ships of this class received, 
respectively, 7, 7 and 13 hits from major caliber guns, but none of them 
were disabled or even damaged to an extent sufficient to prevent them 
continuing in action. The Markgraf, which was struck 13 times, is a par- 
ticularly illuminating example of the amount of punishment which a mod- 
ern heavily armored ship can stand. The only damage affecting the effi- 
ciency of the ship was the ‘cutting of the communications from the mast- 
head fire control positions, and this only resulted in shifting the control 
to the lower armored station provided for this purpose. The casualties on 
this ship were likewise remarkably low, as there were only 8 dead and 9 
wounded, or only a little more than one casualty for each major caliber 
hit. 

One particular class of hit of special interest to American designers is 
that in which turrets or their barbettes have been hit. Taking the case of 
4 British and 4 German vessels which suffered heavy damage, it is: found 
that: out of a total of about 116’hits, 19, or 16.5 per cent, were on turrets 
or barbettes, of which 16 were struck. Of this number, 4 were completely 
put out of action and one gun in each of four others was disabled, while 
the remaining 8 escaped without serious damage. In other words, out of 
66 big guns carried by these ships, the emplacements of 32 were struck, but 
only 12 were sufficiently damaged. to prevent their future use. This com- 
paratively low proportion of casualty in the major offensive armament, 
together with the demonstration of the ability of the mechanism of a tur- 
ret to continue to function even after the turret’! has hada direct hit; ap- 
pears to dispose of the argument of “too many eggs in one basket” “so 
frequently advanced against the American three-gun turret. 
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_ Turning to the damage sustained by the battle cruisers, one’s attention 
is naturally taken first by the tragic loss of the three great British vessels 
of this type. Although in one case the Germans claimed a torpedo: hit on 
one of them, it is generally accepted that the loss of all three was directly 
attributable to gunfire, but the immediate cause of the loss in each case is 
still, and always will be, shrouded in mystery. It is, of course, known 
that each one sank in an appallingly short interval of time and that in 
each case at least a portion of the magazines blew up. The mystery lies 
in the immediate cause of the magazine explosion.. Many different ex- 
planations have been advanced, but all of these affect details of design 
rather than the general characteristics of type. There seems little doubt 
that.one of two things happened: German shell either entered the maga- 
zine through penetration of the protective deck, or, having pierced turret 
or barbette and exploded, flame was communicated to the magazine along 
the path followed by the ammunition from magazine to.gun. From the 
fact that in the case of the British ships that survived, there was only one 
case of penetration below the protective deck at any part (no harm re- 
sulted from this), it would seem to be highly improbable that the. three 
battle cruisers, were all sunk by protective deck penetrations directly over 
the magazines, and not very probable that any one of them was so. sunk. 
We must not permit our judgment to be swayed too largely by. this. par- 
ticularly spectacular phase of the battle. Just as in the case of the bat- 
tleships: previously referred to, the remaining battle cruisers on both sides 
demonstrated ability of modern ships of large size to withstand heavy pun- 
ishment without losing their fighting efficiency, The battle cruiser type 
is essentially and unavoidably less thoroughly protected than, the. battle- 
ship type. This. greater vulnerability must. result in greater loss of the 
battle: cruiser: type, other things being equal; but in the Jutland fight the 
battle cruisers were engaged much longer and much more severely than 
the battleships, so that a greater percentage of loss of this type should 
have resulted even had their protection been: equal to that of the battle- 
ships. A notable fact in regard to the modern, ships, both battleships and 
battle cruisers, on. both sides, is that nota single one experienced a: dis- 
abling casualty to its machinery, either as a result of damage from enemy 
fire or as a result of engineering breakdown. In the case of one British 
ship and one German ship, fires were drawn from under the boilers in one 
fireroom, due in each case to leakage from adjacent compartments, but in 
each case this leakage was controlled by the pumping plant provided for 
the purpose. Leaving out the three lost battle cruisers, for which no data 
is available, the dozen large ships in the two fleets which bore the brunt 
of the punishment were hit a total of about 150 times by large caliber 
shell, or an average of more than '12 times each. Only one of these dozen 
ships, namely, the German. battle cruiser Liitzow, sunk as the result of the 
damage received. “Even this vessel sank only after 6 hours. She had re- 
ceived 17 large caliber hits and one torpedo, She continued to try to make 
the best of her way to port, but the struggle was given up about one 
o'clock in the morning; her crew was taken off by destroyers and she was 
finally sunk by a friendly torpedo. 

The results of the battle, as a test of the defensive qualities of capital 
ships, show that. in the entire action only 4 modern armored ships, all. of 
them: of the battle cruiser type, were lost as a result of the action. This 
was out of a total of 14 engaged and at least 7 out.of the remaining 10 
survived: heavier punishment than most designers in pre-war days would 
have considered: possible. 
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Beforethe war there were two distinct schoois of Naval thought in 
regard to the main armament for the largest ‘fighting ships. ‘This differ- 
ence of.opinion existed internally in probably every navy, but’ interna- 
tionally the. American and British Navies represented the “ Big Gun” ad- 
vocates, as is shown by the fact that in the former we find successive in- 
creases from 12 inch to 14 inch:to sixteen inch, and in the latter from 12 
inch to 13 and a half ‘inch to fifteen inch. On the other hand, the Ger- 
mans adhered for a number of years to the 11-inch gun and increased 
their caliber to 12 inch with apparent reluctance, anda larger caliber did 
not appear until close to the end of the war. There were undoubtedly 
excellent theoretical arguments on both sides of this contention. Even 
now the argument cannot be definitely settled in terms of absolute material 
results, for too many other factors, which cannot be eliminated, enter into 
the problem. A convincing answer, however, appears to be provided in 
the very decided: trend of German Naval opinion since the Battle of Jut- 
land. - Practically every report from German sources: and every German 
publication bearing on the Battle of Jutland lays stréss on the superiority 
im range and accuracy of the British 15-inch guns. Even if no definite 
material advantage for the larger caliber gun could be established, here 
appears to remain a marked moral superiority on the side possessing the 
biggest guns. This, of course, only confirms the previous views and poli- 
cies: followed in our service. 

Summing: up, therefore, we find that four outstanding facts of interest 
to the designer appear to emerge from the smoke and flames: of the battle: 

First. The value of armor ‘protection. 

Second. As a corollary to this, the necessity for the maximum number 
of major caliber guns; for, if the modern ship can withstand great pun- 
ishment, we must, for purposes of offense, provide a sufficient number of 
guns to inflict a degree of punishment which will be fatal. 

Third. The tactical value of speed. 

Fourth. The futility of subjecting older ships to the attack of modern 
weapons, 

In other words, the value of each one of the three major elements en- 
tering into capital ship design was demonstrated and it cannot be said that 
any, singlé one has emerged with an importance transcending that of the 
others. If, however, one must choose among them, the consensus of 
opinion will probably attach more importance to protection than before 
the battle. This arises largely from two causes: 

1st. The ‘deep impression on the human mind by such an outstanding 
tragedy as the almost instantaneous loss of the three great British bat- 
tle cruisers. 

2nd. The impression that German ships, generally speaking, stood pun- 
ishment better than the English. Admiral Von Tirpitz has been reported 
to have laid down as the fundamental principle of German design: That 
vessels before everything else must float; that they must not sink, and if 
possible, not even list, and that all else is of secondary importance. 


This emphasis on the feature of protection is shown already by the-in- © 


tensified and successful efforts of both the British and the American 
Navies to perfect. an efficient form of torpedo protection. In this connec- 
tion, I think I can safely say that both services have solved this problem 
so far as the torpedo. has been developed to date. It is also interesting to 
know that during the war the two services frankly and fully compared 
their solutions of this problem, and that although the solutions differ rad- 
ically in details, they do not differ much in underlying ideas and both are 
believed to be successful in result. This emphasis of the protective fedture 
















































ee eer eee 


SR 








75° NOTES, 


is further shown by the fact that our battle cruisers, whose construction 
was delayed, due to the necessity for our concentrating on the construction 
of torpedo craft. and merchant vessels during the war, have been’ re-de- 
signed,.and given: much. heavier and more complete protection ‘than was 
originally contemplated, accepting at the same time the slight decrease in 
speed, necessitated thereby. We find precisely the same influence in the 
case of the latest’ British battle cruiser, the Hood, which was laid down 
shortly after the Battle of Jutland and in which we find more than a 50 
per cent increase in size as compared to their Renown, which I have pre- 
viously referred to, an increase of protection almost to a battleship stand- 
ard and a decrease in speed. 

Turning to. the lighter craft used in the Battle of Jutland, it will be 
found that at several critical times during the engagement both sides ‘used 
their light cruisers and destroyers to obtain a tactical advantage. Each 
side likewise used: craft of this character to repel the attacks of similar 
vessels of the enemy. Although the material effect was small, there being 
probably not more than six torpedo hits on the large vessels of ‘both sides, 
the necessity for their use is clearly demonstrated not only by their suc- 
cess in obtaining certain tactical advantages, for which they were used, 
but also in the demonstration that if either Fleet had been without these 
light craft, the torpedo casualties inflicted on the big ships by the light 
craft of the side possessing them would have been enormously greater. 
The losses of lighti cruisers and destroyers on both sides were heavy in 
actual number, but not in proportion to the total number engaged, as will 
be seen from the following table: 


Light Cruisers Destroyers 
No. Lost No. Engaged No. Lost No. Engaged 
Britieh 202.6 ab 2aep.c8tol 0 26 8 78 
German :. jeied odie cies 4 11 5 77 
Detalrcvinists i. ABR TORIC 4 37 13 155 


Submarines played no direct part in this battle, and it is reliably estab- 
lished that neither Fleet was accompanied by submarines, nor were there 
any submarines even within striking distance of the scene of action. 

Similarly, aircraft played no part in the action, although it is under- 
stood that it was part of the German plan to utilize Zeppelins for scouting 
purposes in connection with the sortie of the Fleet and that this was only 
prevented by unfavorable meteorological conditions on the 31st of May. 
On the following morning, however, German aircraft were out over the 
North Sea and were undoubtedly of some small assistance to the German 
Fleet in insuring their safe withdrawal to their harbors. 

Passing once more to the general phases of the war, we come at once 
to the outstanding feature of the war at sea, the submarine campaign and 
the methods adopted to combat it. Now that the veil of secrecy has been 
lifted we all know how close the German submarine campaign came to 
being an outstanding factor in the final result. Without entering into 
the legality and ethics of the German use of the submarine against mer- 
chant shipping, which all thoughtful and enlightened men join in condemn- 
ing, we cannot escape the fact that we must in the future be prepared to 
find the submarine playing an important part in attacking and throttling 
enemy commerce, even on their own coasts. This is indicated by the re- 
sult of the discussion at the Peace Conference when the world at large 
was so incensed by the barbarous methods used in the German submarine 
campaign that proposals were seriously put forward to abolish the sub- 
marine entirely by international agreement. This proposal, however, was 
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wisely not adopted, for, so long as the possibility of war remains, prog- 
ress of science and engineering and their application to the art of war 
cannot successfully be throttled unless there is complete unanimity of sen- 
timent throughout the civilized world. The use of submarines during the 
war has led to placing very great emphasis on the value of radius of 
action of these vessels, and. with radius of: action there must go hand in 
hand improvements in the living conditions on board, so that the physical 
endurance of the personnel may be sufficiently conserved to permit it to 
make full-use of the material capabilities of the vessel. Both of these ele- 
ments, even without the usual and concurrent demands for higher: speed 
and greater offensive power, inevitably lead to increased size, except for 
a limited class of small boats, which, due to a particular strategic situa- 
tion, such as that occupied by the Germans on the Belgian Coast, makes 
it possible to use with good results a large number of submarines of small 
size and limited speed and cruising radius. The technic of mine-laying 
has, during the war, so kept pact with the strategical and tactical demands 
for the use of this weapon, that the demonstrated practicability of laying 
them on the enemy’s coast by means of submarines must in the future be 
taken into account, but this does not affect the general characteristics of 
the type, as the mine-laying feature can easily be substituted in whole or 
in part for the torpedo armament. Although the submarine was through- 
out the war something of a disappointment in the actual results which it 
obtained in inflicting loss or damage on the fighting ships of the enemy, 
its indirect effect on the freedom of action of the main fighting fleets was 
so considerable that the problem of the development of the so-called fleet 
submarine is still with us and must be solved largely from theoretical and 
engineering considerations, rather than from direct experience in action. 
Another use of the submarine, not largely foreseen, which developed con- 
siderable importance during the war, is that of scouting. It has been con- 
clusively demonstrated that these underwater craft form one of the most 
valuable assets to a navy in obtaining and transmitting information in 
regard to the movements of the enemy’s forces. 

War experience developed and emphasized certain facts regarding sub- 
marines as a type which are very important from the point of view of a 
designer, and even more important from the point of view of those who 
have to determine the constitution of a navy. The submarine is essen- 
tially an instrument of stealth: Once detected, it must take refuge in the 
depths where, for any design yet known, its offensive powers become nil, 
and to the depth charge or explosive bomb developed during the war it is 
exceedingly vulnerable. In other words, once detected and accurately 
located, a submarine is at the mercy of a surface vessel. While detection 
devices, in spite of the enormous effort expended upon them during the 
war, did ‘not reach perfection, ‘they made much progress and will un- 
doubtedly be steadily improved as time goes on. If we had today an 
accurate device which would ‘locate a submerged submarine with reason- 
able approximation’several miles off, and with accuracy when one or two 
hundred feet directly under the surface vessel, the submarine would be 
already obsolete as a weapon of war. While we may never reach this 
ideal, and while the submarine may be given offensive features to enable 
it to deal in some fashion with the surface vessel from beneath the sur- 
face, the submarine is essentially a vulnerable, and, if I may so express 
it, a precarious type; is necessary today and probably will be for many 
years to come, but could not be relied upon as the main feature of a navy. 
We read at times of proposed submersible battleships and other such 
imaginations, but the experience of the war does not seem to indicate 
this as a probable future development even if mechanically possible. 
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On this same subject Sir Eustace d’Eyncourt, the Director of Naval 
Construction for the British Admiralty, very recently stated his views in 
the course of a paper presented before the British Institution of Naval 
Architects. He said: 

“A good deal has been written and talked of lately about the surface 
Capital Ship being dead and the necessity for submersibles. But with our 
present knowledge it would be quite impossible to design a submersible 
ship which on the same displacement and cost had anything like the fight- 
ing qualities on the surface, which are possessed by the Hood (the latest 
British Battle Cruiser); Every’ ship is a compromise, and if. in addition 
to the ordinary qualities of a battleship, she is required to submerge, or 
even partially submerge, a very considerable percentage of weight has to 
be added to give her this additional capability of submergence. She be- 
comes. still more of a compromise, and the added weight must detract 
from the fighting qualities of the ship when on the surface, so that what- 
ever is done, other things being equal, the submersible ship must be in- 
ferior to a surface ship in an ordinary action. There are many difficulties 
of details in the design of a submersible battleship which would take too 
long to go into fully now, and although there is no doubt that submarines 
are capable of great development, a little thought will make it clear to 
anybody that if naval warfare is to continue, the surface ship of the line 
must still hold the field as the principal fighting unit of any great navy.” 

Considering types of war vessels existing at the commencement of the 
war, the position of the Destroyer has been enhanced perhaps more than 
that of any other, and this has been brought about by our experience in 
its use against the submarine. As mentioned above, in discussing the re- 
sults of the Battle of Jutland, the Destroyer has established its indispen- 
sability for use with the Fleet, both to attack the enemy and.to protect its 
own capital ships. This use, however, was foreseen and provided for to at 
least a limited extent in all of the principal navies of the world before 
the war. It was not, however, foreseen that: this type of vessel would be 
required in undreamed-of numbers to protect the sea lines of communica- 
tion from the lurking underwater enemy. During the first three years of 
the war, it had already been found that the destroyer was the most effi- 
cient type of vessel for hunting down and destroying submarines, and for 
convoying or protecting a particularly valuable transport or cargo ship. 
In the spring of 1917, however, the losses of merchant vessels had reached 
such an alarming rate that the responsible authorities recognized that a 
‘new and radical method of protection must be adopted. It was then that 
the convoy system was put into effect, and soon proved its efficiency to a 
degree which ‘could hardly have been foretold. It became then imperative 
that convoy should be provided as nearly as possible for every ship ap- 
proaching England and France. The only available type of. vessel which 
could perform this very arduous service, requiring many days continuously 
at sea in all kinds of weather, frequently at very high speed in order to 
accompany high speed transports, was the destroyer. This demand 
placed a tremendous strain on the resources of the Allies in this type of 
vessel, and it is now a historic fact, that the. United States Fleet was 
stripped of its destroyers which were sent to the war zone to perform this 
service, and that British destroyers were detached from the combined 
British and American Battle Fleets, upon which we depended to maintain 
our command of the seas, until that Fleet was, actually seriously inferior 
to the German Fleet in destroyer strength. From our entrance into the 
war the United States Navy concentrated. upon destroyer, building, its. de- 
stroyer construction undertaken. during the war being- on a scale never 
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before considered possible. It is a matter of congratulation that this has 
resulted in our now. possessing a fleet, built or to be completed this year, 
of more than 300 modern destroyers of the most efficient type. In regard 
to the effect of the war on the characteristics of destroyers, the’ principal 
demand has been in the same. direction: as in the case of submarines, 
namely, for greater cruising radius and increased shelter and comfort for 
the personnel. Whereas, during the greater portion of the time of actual 
hostilities, convoy was provided, for. transports and: cargo. vessels only in 
the so-called Submarine Zorie, extending 300 to 400 miles off the European 
Coast, it had become evident before the Armistice that as soon as we had 
sufficient destroyers for the purpose, escort would have to be provided, 
at least for the most important groups of vessels, entirely across the At- 
lantic. This was brought about by the ever-increasing tendency of: the 
German submarines to operate farther afield and by the approach to com- 
pletion of a very large type of cruiser submarine, which it had been 
known for some time was under. construction in Germany in considerable 
numbers. The later United States destroyers would have been prepared 
to cope with such submarines, as the size of their guns had been increased 
from 4 inches to 5 inches. To obtain these increased qualities without 
considerably increasing the size of the boats, which was of course unde- 
sirable under the emergency demand for quantity production, meant the 
acceptance of a small decrease in speed. This we could accept with equa- 
nimity as our destroyers were already somewhat superior in speed to the 
latest types of corresponding size abroad. 

The necessities of the anti-submarine campaign brought about new uses 
for several existing types of vessels; and the development of several new 
types. It had always been contemplated that. fishing trawlers, drifters and 
other small vessels of similar type could be used in time of war as mine 
sweepers and tenders. With the development of the depth charge, a bomb 
containing about 300 pounds of high explosive with a detonating mech- 
anism, which functioned only when it had sunk: to a certain predetermined 
depth below the surface of the water, it became evident that any small 
type of vessel. possessing the necessary seagoing. qualities could be. use- 
fully employed. against the submarine. . As a consequence, this became the 
principal use to which these small fishing boats were put during the last 
year and a half of the war. They could not, of course, perform the high 
seas functions of the destroyer, but they. proved most efficient for hunting 
operations and for coastal .conyoy purposes. The esteem in which they 
were held. is shown by the fact that in the summer of 1917 the British 
Navy put.in hand a construction program of more, than 500. of these’ little 
craft. The limitations on the use of the fishing boats and the limitations 
on. the production of the destroyer, due to its large size and cost, resulted 
in the development of intermediate types which would give good seago- 
ing qualities combined with a: speed comparable to the surface speed of 
the submarines themselves; and .at the. same time sufficiently small and 
simple in .construction .to.. permit, of their, production in large numbers. 
The British patrol boats and the United States Eagle boats are the prin- 
cipal examples of this type. The latter is really a small destroyer of 200 
feet in length and, 600 tons’ displacement, haying.a good cruising radius 
and a speed of 18 knots and carrying) an, armament of two.4-inch guns 
with unusually good..command,and a) large number of depth charges, to- 


gether with various devices for, dropping or throwing these bombs. 


The British also developed and. turned, out a. considerable. number of a, 
somewhat larger type, which were known:as “ Sloops,” which. were given. a | 


slower speed but a larger cruising, radius, together with a more robust 
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type of construction and special features to insure their buoyancy in case 
of damage by torpedo. All during the war, as previously referred to, the 
best scientific talent, both in this country’ and abroad, was making every 
endeavor to perfect devices which ‘would permit a vessel on the surface to 
hear a submarine moving below the surface. Various types of these so- 
called listening gears were developed and some attained a sufficient degree 
of success to exercise’a considerable influence on the development of types 
of vessels from which they could be used with the maximum of efficiency. 
It was in fact the development of these devices in America which led to 
the laying down of our Eagle boats, and the machinety of these boats was 
designed with especial view to quick starting and stopping, so that internal 
noises should not in any way effect the use of the listening devices. Even 
before our actual entry into the war, it had’ become evident that it would 
be necessary for us to produce, in the minimum of time, the maximum 
number of vessels of every type which could be utilized against the sub- 
marine. This led to the planning of our program of sub-chasers. Earlier 
in the war, the British had purchased in this country over 500 gasoline- 
driven wooden hull boats of 85 feet in length for general coastal use. 
Their experience indicated that there was a distinct field of utility for 
vessels of this class, but that they should be of somewhat larger size with 
better sea-keeping qualities. In order, therefore, to profit by their experi- 
ence and at the same time to utilize the considerable resources in this coun- 
try for the construction of small ‘wooden hull vessels, resources which 
were not required in the accomplishment of any of the various other war 
programs, we undertook the construction, immediately upon entering the 
war, of 350 of these sub-chasers, each 110 feet in length, about 75 tons 
displacement, and having three 200-horsepower gasoline engines, giving a 
top speed of about 16 knots. They were fitted with special facilities for 
the use of various types of listening gear. They carried one small gun 
and a number of depth charges. In their seagoing qualities, these boats 
more than met the anticipations of their designers. About 200 of them 
crossed the Atlantic under their own power and performed most useful 
service in the Mediterraneah Sea and on the French and English Coasts. 
However, these boats must be regarded as stopgaps rather than a type to 
be found in large numbers in a permanent navy. 

Another class of operations which resulted in the development of a 
new type, or rather the resurrection with new features of an old type, 
was the Naval Operations against shore fortifications. When the Ger- 
mans had occupied the Belgian Coast, it became evident that the Navy 
must be prepared to ‘undertake operations against that coast, unless the 
Germans were to be permitted to remain in undisturbed possession, allow- 
ing them an extremely undesirable freedom of action by using the ports 
as bases for submarines and destroyer activities. To meet this condition 
and the possibility of similar conditions arising elsewhere in the vast the- 
ater of war, the British very early put in hand a number of modernized 
monitors, which repeated the well-known characteristics' of the early 
American’ vessels of this class; that ‘is, slow speed, the heaviest guns, 
armor protection, low freeboard, and small size, but added to these a 
modern and éfficient form ‘of torpedo protection; the last named really 
forms the sine qua non of the’ modern monitor, for it must of necessity 
opetate off hostile coasts and by its slow speed is peculiarly liable to suc- 
cessful attack by submarines. ‘These monitors at intervals throughout the 
war carried out a series of’ very interésting bombardments on the Belgian 
Coast, which were ‘accompanied by ‘the’ use of stch modern methods’‘as 
spotting by means of aircraft and’ protection by means of smoke screens, 
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produced by small fast, boats accompanying them. In general, however, 
these operations. failed to produce any decisive results, and this experience, 
combined, with that. gained. through the attempts by older British and 
French battleships to reduce the fortifications at the Dardanelles, has gone 
far to confirm the opinion held prior to the war that ships cannot com- 
pete successfully. with shore fortifications. 

Although not productive of new types, and not, strictly speaking, exer- 
cising any influence on naval types, it is not possible to pass over the de- 
velopment of the transport service during the war, as its operations were 
on such.'an enormous scale: . The British conveyed to and fro: from the 
various theaters of war a total of something like 13,000,000:men, but the 
great bulk of. these was for the short distance across the Channel.’ The 
most impressive undertakings were the combination of the American’ and 
British resources, with some help from the other Allies, in transporting 
to Europe nearly 2,000,000 men during the war, and the bringing of them 
home in a period of a little over six months by the American Navy with 
some help from foreign sources. The enormous: undertakings demon- 
strated that the great passenger vessels’ used commercially in time of 
peace can be quickly and efficiently converted for use as ‘transports, and 
that, therefore, the naval designer need in the future only provide for the 
intelligent utilization. of the great mass of experience accumulated in ‘fit- 
ting merchant vessels for this purpose. As an example of the progress 
made in this direction in the course of the war, can be cited’the fact that 
when some of the large passenger vessels were first fitted for use as trans- 
ports, it was thought that they had been given the maximum troop ca- 
pacity. After some months of experience, however, it was possible so to 
modify and perfect the arrangements that their capacity was increased in 
some cases as much as 50 per cent. 

In reviewing the use of existing novel types during the war, one cannot 
omit reference to the active and important part: played by certain’ types 
of auxiliaries. Colliers, tankers and supply ships were used to an enor- 


mous exterit, but these are of such a purely merchant type that they re- 


quire no especial note, except to remark that the few Colliers we had built 
as naval auxiliaries, with special handling appliances showed up excep- 
tionally. well: The purely naval types which demonstrated ‘their efficiency 
and value were the destroyer and submarine tenders and’ repair®ships. One 
or more of these vessels were stationed at each one*of our principal oper- 
ating bases abroad, and without them our destroyer and submarine forces 
would have been unable to maintain their great efficiency and high per- 
centage of ‘time employed in active service. _Due to the shortage of ship- 
ping, it was:not possible to fit out and supply an unlimited number of ves- 
selsof this type, and it soon became evident that each existing: unit must 


be utilized to its highest degree of productivity. This led to the erection « 


on shore at the principal bases of barracks for housing the shop operating 
forces, so that the ships themselves could be run 24hours: a day, using 
three shifts of mechanics. This development leads to the belief that in the 
future in certain types of operation we may be led to provide sp. bar- 
rack ships for carrying and berthing: sufficient personnel to utilize to the 


full the repair facilities provided on the vessels specially fitted for that’ 


purpose. 

I have previously referred briefly to the development of the new and 
large type of ‘naval vessel called an aircraft carrier. Inthe very: early 
stages of the war, attempts were made to attack the principal naval bases 
in Germany by means of aircraft, but it was: found that neither the: air- 
craft themselves hor thé commercial vessels: hastily’ fitted-up' for the pur- 
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pose of carrying them were’ sufficiently developed’ to ‘permit! of: success ‘in 
such.an undertaking. I cannot in this paper take! up in‘ detail the won? 
derful,development in aircraft during the course of the war,’ but the tech- 
nical development resulting in increased size and speed and carrying ¢a- 
pacity are well known. These were quickly taken advantage of by naval 
designers to fit them for such purely naval purposes as‘ scouting, fire con 
trol.of the heavy guns’ of big ships, torpedo ‘carrying ‘and’ launching, ‘etc. 

The actual. offensive use of aircraft. against naval vessels was little de- 
veloped during the war. Perhaps the most prominent case was ‘that of 
the Goeben. which was ashore near the Dardanelles, and for six days ex- 
posed to aircraft attack, it being stated that some 217 bombs were dropped 
against her.. There is no doubt that there will be a great development of 
aircraft for naval use as a result of the war experience, and some enthu- 
siasts have visions of navies of the air rendering obsolete the navies of 
the ocean. ; 

The United States Navy, which has in its own hands the development 
and control of its aircraft: for use over the water, should take the lead in 
any air naval development; but there is no doubt that, step by step with 
the air offensive, there will” be developed a defensive. The defensive, 
moreover, will not be passive. We have seen in the late war how: the light 
craft, destroyers, etc., on one side met and countered the attacks of similar 
craft on the other side. Had either side been deprived of its light craft, it 
would have been at a most serious disadvantage.’ Similarly, developments 
in the air will undoubtedly be along the line of defending the capital ship 
by. auxiliary and offensive aircraft. The big ship which must’ be pro- . 
tected from projectiles of a'ton weight falling at angles of 30 degrees, fired 
from ships almost out of sight below the horizon, is not yet in serious 
danger from bombs carried by present-day aircraft, with chances of hit- 
ting small indeed. 

At the moment it appears that the torpedo plane is the most promising 
development; its weapon of attack: is ‘the torpedo. which the. capital ship 
must already be prepared to defend itself from, whether fired by’a surface 
vessel or a submarine) A torpedo from a ship inthe air is no-more deadly 
than. from: a submarine: under the surface. It seems. probable that air- 
craft) will, sooner become dangerous to destroyers and the light’ vessels 
generally than to the large ships of the line.: ‘The: former are more :vul-': 
nerable and, will be less able’ to. protect themselves: 

Even these early developments of naval uses: for! aircraft: made. it’ evi- 
dent. that they could not, efficiently perform: such functions with the fleet 
unless they could be carried ‘with the fleet; not dnly.on: long: cruises: but: 
actually in battle, with: the result that special types of ‘ships have appeared | 
to -fill: this requirement: . The first essential. of this ‘type is that it’ should - 
be: capable, not. only of ‘launching aeroplanes but also of receiving ithem 
back: after the accomplishment of their! mission. | With :the ipresent de- 
velopment: 'of: aeroplanes: and. seaplanes, the: only -practicable::inethod of): 
providing the latter requirement: is: the provision ofan enormously large: 
and absolutely clear deck upori which the planes,can light and-be brought: 
to test; » The::next requirement is) that; sucha | vessel; shall. havea: speed: : 
sufficient to permit it to keep up with the main battle fleet when it is going 
into action. This means a speed of 20 to 25 knots. These qualities, to-.; 
géther with. the’ need. for sufficient space to house and care fora consid- 
erable, number! of; planes, together: with. their ,personnel,,has resulted. in 
vessels of 10,000 to: 25,000.'tons: displacement,, To, obtain..a clear upper 
deck: requires: special: arrangements for funnels, navigating bridges, etc., 
which has resulted in’ the: only. absolutely. new. type; of. naval.vessels of. 
large size and cost which has appeared as a result of the war experience. 























U. S. Barrie Cruisers Nos. 1-6. 


Principal characteristics: 
Displacement ...............43500 tons Speed ........... 


etek wae . .83.25 knots 
Length ....... Syievecupeenees .850 feet Battery .«..... -...-8-16” and 16-6” guns 
Horsepower ....... i des eed 180000 Torpedo tubes 4-21” submerged and 4-21” 


above water 














BritisH AIRPLANE CarRIER “ ARGus.” 





ceceber seers 























British AIRPLANE CARRIER “ ARGUS.” 

















Displacement 


Length .... 


Horsepower 





Eacie Crass. 


Principal characteristics: 
pinibconine San eiere a Sood -500 tons Speed ...........eeeeeeeeee ee 18 knots 
eat aes Varennes ..+-200 feet pO , RRE  ee errr ep er . 2-4” guns 
SAAR beats vee ee 2500 Depth bomb projector..........1 Y-type 





























British Barrie-Cruiser “ Hoop.” 





Displacement .............005 41500 tons WN bac cb da ste bau ios cxeaes 31.25 knots 
LOE oda Fsbo ccentebcdeoew 860 feet jf RA rey vee he eee eer 8-15” guns 
Horsepower ..........eeeee08 144000 











Destroyers. 186 Crass. 


Principal characteristics: 


Displacement ...........se0005 bi ge Bie ae paren eis ery err 35 knots 
LMR pick cee tiiiccapcesneesne 810 feet Battery ........sceccceccccecs 4-4” guns 
Horsepower ........+eeeeeees Torpedo tubes ..........+005 

















SUBMARINE CHASERS. 





Principal characteristics: 


TOURER 66. a's is Mee sieaee STRODE 5 SBOE ote dich cia 0 V4 0,056 sae Aina 18 knots 
ee Rg erat ta vig No aneeaprare i eee 110 feet RUT bikie ead wh cand 1-3” gun 
ROTOR DO WEE eke io ecaee 660 Depth bomb projector........... 1 Y-type 




















U. S. Supmartne AA1. 


Principal characteristics: 


Displacement (surface)........ 1106 tons ee EES Sa ear Ty OPT Cee ae 1-4” gun 
RPM cad sis ss Saino nied 269 feet 9 inches 2 Deck torpedo tubes aft. 
Horsepower (surface)............+ 4400 4 Bow torpedo tubes 


Speed (surface)..............+- 20 knots 























U. S. Scour Cruisers Nos. 4-13. 


Frincipal characteristics: 


Displacement ...........00++0+ TIOO toms: . Syed on... ese ssc econ bonne 35 knots 
Lenses. viwss ceed ae ceareeeen OG Teak: tere ea ook ci wat heeweus 8-6” guns 
Horsepower .......s+.eeeeeee 90000 Torpedo tubes.......... 2-21” submerged 























U. S. BarriesHips Nos. 49-54. 


Frincipal characteristics: 


Displacement ..........+..+5- 43200 tons Speed .........ccceeeecsceeees 23 knots 
Bengt i op ck fend cae eeu 660 feet Battery ........... 12-16” and 16-6” guns 
Horsepower .........eeeeeees 60000 Torpedo tubes ......... 2-21” submerged 














U. S. SuBMaARINE S4, 


Principal characteristics: 


Displacement (surface)........ -876 tons Speed (surface) .............- -15 knots 
LOHGGR 2 owen adcnccacwer see eeee as 231 feet OMNES So oaie's ek Koay eecaewkewe 1-4” gun 
Horsepower (surface) ......... 1400 4 Bow torpedo tubes . 

















MINE SWEEPERS. 


Principal characteristics: 








ISAO ONE nie ke dass haces O00 ons — SOO visi ciek be cccicee ees 14 knots 
Res Shae ks es 01 3 RRA BOG Ret: © DOES ksi ce See Fag 6h 2-3” AA guns 
MOOR ob as dco-4ihnse ssa aie 1400 








GERMAN BatrLE-Cruiser “ DERFFLINGER.” 
Wiepincement: 5.6 vevicasaccnen 26180 tons Speed ............ ease wens -26.5 








knots 


oe RO Tee epee errr es Eee ee 689 feet Battery .......... 8-12” and 14-5.9” guns 


PUOURODOWOR oad kos cba ctde cee 63000 Submerged torpedo tubes........ 





4-19.7” 
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At the other extreme among new types appearing as a result of the war, 
comes what’ have been termed coastal motor boats. These appeared more 
as a result of possibilities presented by modern engineering developments 
than ‘as a result of the need for filling a specific naval requirement. The 
perfection of the gasoline’ motor led ‘in the years before ‘the. war to the 
construction, for sporting purposes, of very fight high-speed small boats. 
‘Due to ‘the ‘fact that they were developed primarily for racing, they were 
suitable for use only in comparatively smooth water and had to be handled 
with extreme care. A study of their possibilities by British designers, sup- 
ported by the enthusiasm of young naval officers, resulted in the produc- 
tion of boats of 40 to'70 feet in length and capable of speeds from 35.to 45 
knots an hour, each carrying from one to three modern torpedoes, and 
with the ‘hulls constructed on such scientific principles that they could go 
to sea in comparatively rough weather, and could be hoisted on board light 
cruisers or other types of naval vessels. These little boats performed 
splendid service off the Belgian’ Coast, and the \tale of their operations 
forms one of the most exciting chapters in modern naval annals, But. the 
most spectacular, and at'the same time valuable service performed by 
boats ‘of this type during the war, was the daring petietration ‘by the Ital- 
ians into a fortified ‘Austrian harbor where they. sankia battleship lying 
at anchor. ‘Later, in operations against the Bolshevists, a small British 
flotilla penetrated to the inner harbor of Kronstadt, where they succeeded 
in sinking two battleships and two other large vessels. 

I have several times, in the course ofthis ‘paper, referred to the results 
experienced ‘when war vessels of older ‘types are subjected ‘to attack by 
modern weapons. During the war there were sunk by hostile action 21 pre- 
Dreadnaught battleships and 27 armored cruisers; of this total of 48, 11 
were sunk by gunfire and 37 by mine or torpedo, only a single explosion 
in nearly every case being necessary to'inflict the fatal damage. ‘It is only 
necessary to refer briefly to such incidents as the sinking of the British 
battleship Formidable, the three cruisers Cressy; Aboukir and Hogug; the 
loss of ‘four old battleships at the Dardanelles, the sinking of the Gneis- 
enau and Scharnhorst off the Falkland Islands, the loss of the British 
Hampshire, and the American cruiser San Diego as the result of ‘striking 
a single mine; together with numerous other incidents ‘of similar nature, 
to show: that such vessels as these, most of which were commissioned 
within ten years immediately preceding the war, are totally: incapable of 

withstanding the°terrific effects of present-day gunfire and torpedo attack. 
This: showing is particularly impressive when compared to” the demon- 
strated ability, as discussed above, of the most modern vessels to survive 
severe and repeated ‘dttacks. These qualities of resistance and. defense 
can ofily' be provided ‘on vessels of large dimensions and displacement. The 
fhecessity for retiring these older types was well demonstrated bythe fact 
that except for a few used for special purposes, both the British and the 
Germans’ had placed most of their older capital ‘ships out of commission 
before’ the’ war had run its ‘cotirse: i * & hinaue. al 

“To! suin'up, therefore, the ‘experience of the war, so far as it can be 
grasped to date, has résulted' in’ demands ‘in the’ case of every existing 
type of war’ vessel which ‘can ‘only be met by increased size and cost. It 
has ‘tésultéd in the: introduction of only one tiew typeof major import- 
ance; ‘hdmely, ‘the ‘Aircraft Carrier, ‘but it ‘has introduced’ a number ‘of 
small types which will probably survive but will not be constructed in large 
numbers in times of peace, as they are peculiarly adaptable to»being pro- 
duced quickly in large numbers after the emergency of war has arrived. 
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Although we must conclude that the present. tendency . is: toward, in- 
creased size and cost, one cannot overlook the fact that this. very: tendency, 
under the present financial, economic and. political conditions in, the world, 
may actually result in the long run, in the Bissopeatancs from. future 
building programs-of these very types and, the substitution for. them of 
smaller and cheaper units made possible by new developments, in. science 
and engineering. To meet this condition there never was more need than 
at the present time of, vision and imagination on the part, of the fighting 
forces afloat. and the naval designers ashore, for that nation, which can 
develop the weapons which will render ‘obsolete, the. present great ships 
and can substitute for them a smaller and cheaper, unit capable of defeat- 
ing them will win in the new era the command of the seas, which this. war 
has shown is so all important to ultimate ORS ental of Dad Frank- 
lin pains August, 1920. 





: “DEVELOPMENTS IN NAVAL DESIGN. 


On. the oconeigns of his. recent visit to the industrial centers. of York- 
shire;,Admiral of the Fleet Lord. Beatty. made. an: important statement 
relative; to ‘naval. policy... Speaking, at. Sheffield, he: said that the history of 
the British. Navy ,acquitted it of any taint of: aggression, arid was a:suf- 
ficient.guarantee that its powers would be exercised for the: benefit: of all 
those who used the.seas for. lawful purposes.» Since the war,; he pro- 
ceeded, there ‘had. been: no: new construction; ‘but ships didnot last: for- 
ever, and progress in science; and: in. technique combined: to |shorten the 
“life” of a man-of-war...The-Admiralty, however, took the view that we 
could afford to. pause before, resuming. naval construction. | The policy. of 
the moment. was to investigate the problems of war,.and to assimilate and 
co-ordinate, the, lessons derived from. experience, so that when the time 
came,| as come. it must, to turn-those lessons to.a; useful. purpose, they 
should. be. applied: with wisdom and understanding. ‘So’ far ‘as. facilities 
for. experimental and research work were concerned, the Navy was better 
equipped.'today. than, it had, ever, been. before. He-concluded by, depre- 
cating the wild and: fantastic theories which: had lately: been propounded 
in, certain quarters, “where. surprise is,.felt that we are not: today,,con- 
structing big ships which would dive beneath the: waves, one minute. and 
ascend into the clouds the next.” The First Sea Lord’s speech isa much 
needed. reminder that: our. naval.commitments did not.terminate, with the 
conclusion of) peace. That we are able to postpone for a certain. period 
the laying down of new warships is due, not to. any fundamental change 
in the principles, of national. defense which hitherto have impelled. us to 
maintain a supreme. Navy, but simply to the fact that our present margin 
of strength’ suffices to meet the requirements,.of the immediate. future. 
Sooner or dater,: however, this. margin. will disappear—already it is 
shrinking, visibly—and when. that.occurs. it will, be. the duty of our. naval 
authorities to submit a new shipbuilding programme. Meanwhile the 
Admiralty, as the First Sea: Lord assures us, is utilizing the pause to de- 
termine what modifications in ships, machinery and weapons may. be.in 
dicated, by war experience. . It is quite clear that the present. Board is in 
no. mind. to dispense with the battleship altogether. . Its. views on the 
question were set forth in the First. Lord’s memorandum circulated on 
March 12th, This document. stated. that, the Naval. Staff, having seamed 
the question with extreme care profoundly. dissented from the opinion 
that the battleship is dead.and.that submersible and air vessels are the 
types of the future. “In our opinion,” it was added, “the capital ship 
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remains the unit on which sea, power is built:up,, So. far, from, the, late 
wat having shown that the capital, ship is doomed, it has,on the, contrary, 
proved the necessity for that. type”... Ea a a 
We may, then, assume that capital ships will form, part of, the, new 
nayal. programme tobe introduced when circumstances render it, ened 
ent, the more so. because. it is in this, type that our lead is rapidly | imme: 
ishing by reason of competition abroad; but no one outside the: Councils 
of. the, Admiralty is able to forecast. the characteristics of our, future 
ships. It. is commonly ,supposed that. H. M, S, Hood represents the last 
word in British naval design. This is an error, for the Assia ties 
of Nayal Staff, Captain Sir A. Chatfield, has told us that if a new ship 
were, to_be laid down, immediately, it would not. be a second Hood. He 
admitted that naval opinion no longer attached to high speed the import- 
ance. that it did before the war, and that. substantial protection was now 
considered an indispensable feature of every ship intended to lie in line. 
It_ would, however, be premature to conclude from this that the battle- 
ship of the future will be smaller and cheaper than the latest existing 
types. True, the demand for great speed has materially contributed to the 
enormous, growth in dimensions, and when, as in the case of the Hood, 
that demand is coupled with a heavy armament and complete, protection, 
it. inevitably, leads to huge displacements. But if the naval tactician is 
ready to. forego high speed, it does not follow.that he will consent to part 
with the extra, percentage of, displacement necessitated by pasate, ae 
powered machinery. On the contrary, he is more. Itkely to resist a reduc- 
tion in. size on the ground that the weight saved. on machinery can be 
profitably utilized by strengthening armament and protection. Nor would 
such an attitude on his part be unreasonable, for it is certain that the 
standard of offensive and defensive power, as represented by the Hood, 
will, have to be-raised if our. future designs are to bear comparison with 
the best foreign ships. A “modified Hood,’ mounting the same arma- 
ment as that ship and embodying the same system. of protection, but with 
a speed of 25 knots instead of 31, might be built.on a displacement of 
32,000 tons, as against 41,200 tons; but if an extra pair of guns and a few 
extra inches of/armor were postulated; the. figure would probably rise 
to 40,000 tons, if not more. As evidence that high speed is not necessarily 
the capital factor in determining size, we may instance the new American 
battleships. The North Corolina is not a particularly fast ship judged by 
modern ideas, for her machinery: is estimated ‘to develop 60,000 shaft 
horsepower fora speed of 23 knots; yet she displaces no: less than 43,500 
tons,’ or 2,300°tons more than ‘the Hood. In this:case most of the weight 
has gone into artillery and armor. The North: Carolina:is to be armed 
with twelve 16-inch 50 caliber guns, -and sixteen 6-inch quick-firers, which 
—counting the’ primary armament alone--will enable her to deliver a 
broadside of’ 25,200 pounds, as against the Hood's 15,360 pounds. Her: belt 
armor is reported to have a maximum thickness of: 16 inches, and all the 
main fighting’ positions to have equally substantial protection. It is obvi- 
ous, therefore, that except in the matter of speed this American vessel 
will ‘posséss'a marked tactical advantage over the Hood, and. speed, as 
wé have said, is an element to’ which British naval-opinion no longer at- 
taches' cardinal’ value. 5 dud-tis t et 930 ron Idauerd 
It is scatcely necessary to‘observe that we make this comparison purely 
on technical’ grounds, and with no intention of suggesting that the. supe- 
riority of the American ship renders it incumbent upon us to lay down 
forthwith a vessel of equal power. Our purpose: is to: show that! when 
the timé® does cometo ‘resume’ naval ‘construction in:-this country. those 
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whose function it is to ‘detetmine’ the ‘characteristics of ‘ship types will 
fiid in contemporary progress abroad a strong argument in favor of 
adopting heavier batteries and stouter armor, and that in this way any 
saving which might have resulted from a decrease in machinery power 
will probably be swallowed up. We would add that capital ship design, 
although the most important, is not the only problem that confronts’ the 
Admiralty today. Despite the exaggerated claims preferred on its be- 
half, the submarine cannot be said to have revolutionized naval warfare. 
On the other hand, it would be futile to pretend that it will have no effect 
on the future development of naval types. To all appearances the anti- 
torpedo “bulge” will suffice to preserve the heavy ship from summary 
destruction by under-water attack; but in the late war, as is notorious, the 
hostile submarines found their most effective sphere of activity in com- 
merce destruction. Since, unfortunately, there is no guarantee against 
the recurrence of this menace in a future war, the problem of providing 
some reliable means of defending sea-bortie commerce against submer- 
sible raiders is one that urgently. calls for solution. Even during the late 
war. it was found desirable to build special types of ships for convoy duty, 
and these vessels, as part of an exceedingly elaborate system of shep- 
herding, enabled us, eventually to keep our mercantile losses below the 
danger level. But it may be doubted whether the same methods would 
be equally effectual against the submersible corsair of the fiiture, which 
may have a cruising endurance of 25,000 miles and a very powerful arma- 
ment. In such circumstances the conventional form of protection, namely, 
fast cruisers, would no longer be adequate to secure the safety of ‘the 
ocean routes, and some special design would have to be evolved, capable 
of guarding a convoy ‘against attack both from surface, and submersible 
raiders. It will be seen, therefore, that the authorities responsible for 
‘British naval design have many difficult problems to deal with, for ‘the 
late war, so far from having imposed a check on the development of ma- 
terial, has given it a powerful impetus, which promises ultimately to af- 
fect every weapon in the naval armory.—“ The Engineer,” August 13, 1920. 


NAVAL RESEARCH AND EQUIPMENT. 


In nearly every ‘proposal that: we have seen with regard to the broad 
principles which should: govern British naval policy in the years ahead 
great emphasis is rightlylaid on the necessity of devoting.a generous 
percentage of available funds to research and experimental work.. The 
Admiralty have given a definite ‘assurance that everything possible. will 
be done’ in future to keep the Navy abreast of scientific and technical 
progress. A>Department of Scientific Research and: Experiment-has been 
created 'under‘the Controller of the Navy, and steps'are being taken, to 
extend 'the ‘facilities enjoyed by-the service for working out problems in 
conhection with ‘the: development of every description of;naval material. . 
For instance; experimental: establishments -Have been: attached. to, the 
technical ‘training ‘schools at Portsmouth, and it is well known, that they 
have*alreddy performed: a great deal: of:useful work'in improving, mines, 
torpedoes, and electrical: apparatis.. “Another, branch -which. the. war 
brought into existence is the Anti-Submarine School, an -institution of 
‘capital importance which»ought on no account to be handicapped by lack 
of funds. The Admiralty’s general scheme for promoting research looks 
satisfactory enough on paper, but wei know from experience that, these 
excellent ‘projects havea way of getting quietly shelved in the course of 
time unless the searchlight: of :publicity. is trained’ upon them at regular 
intervals. Next to the welfare and contentment of the personnel, we 
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consider an unremitting study and application of war experience to tac- 
tics and material to be the most important present-day duty of the naval 
administration, . +4 

It would be absurd to pretend that the weapons and material we pos- 
sessed at the outbreak of war were as perfect as they might have been. 
The German torpedoes, mines, and projectiles were superior to ours, and 
it is fo use denying that the efforts of our comrhanders at sea were often 
stultified by. the indifferent material they had to work with. Apparently 
there had been too much theory and too little experiment. It seems almost 
incredible that the déficiencies of our armor-piercing shell—to mention 
one notorious example—were not discovered until the day of. the battle. 
The suggestion, that the projectiles were the best that could be manufac- 
tured at that.period is preposterous; moreover, it is disproved by the 
fact that, as soon as the failure became known we at orice set about pro- 
ducing shell of infinitely better quality, although the enemy never gave 
us an opportunity to test them upon his ships. In this case io doubt de- 
partmental conservatism was at the root of the trouble, but a contribu- 
tory cause was the short-sighted policy that refused to spend money on, 
practical trials. Before the war we often drew attention to Germany’s 
lavish expenditure on the testing of her naval weapons, It was the in- 
variable. practice there to make exhaustive tests of every class of material 
before finally accepting it for naval purposes. No new gun was adopted 
until it had been tried under conditions resembling as. nearly as possible 
those: of. actual war. -New projectiles were fired against targets repre- 
senting. the. most strongly armored ships of the day, and if they failed to, 
do all that was expected of them an improved type was at once designed. 


In this way the Germans had evolved a shell that would carry its pow- 


erful bursting charge through the thickest armor, while we had_ no, thor- 
oughly: reliable A. P. shell until the third year of the war. The same 
policy, of. striving for maximum efficiency, regardless of trouble and cost, 
was pursued in the development of, gunnery, torpedoes, mines, and sys- 
tems.of armor protection. Of course, it was a costly business. Between 
1908 and 1914. Germany is said to have, spent four times..as much money 
on this sort of thing as we did, but her method proved in the’ end. to. be 
the. most economical, : cs be a 

In. the light of present knowledge it can be asserted with confidence 
that. had. all.our material been as technically efficient as Germany’s was, 
the task of crushing her at sea would have been. enormously simpler and 
cheaper., Experience that might have been purchased in peace time for, 
a very,modest sum had to. be hurriedly acquired in war at a terrific cost. 
It is not enough that the Navy. has learned its lesson in this respect; pub- 
lic opinion also needs to be reminded that the mere voting of money for 
men.and. ships jis. not the whole of its duty to the service. It is for the 
Admiralty. to. insist .on, proper.financial. provision being made for the con- 


tinuance, on, a.scale of, reasonable dimensions, of the research and experi- © 


mental.work. that was in full swing towards the end of the ‘war. Unless 
this. is done the priceless experience we gained from the war will be 
wasted.. As the Admiralty have said, “To stop pure research work alto- 
gether, at. this moment, would be a retrograde step, and might Conceivably 
haye a.serious. effect. ultimately on. development of types of ships and 
weapons, and on economy generally.” Adyentage might profitably be taken 
of the pause in new construction to press for an increase in next year’s 
vote for “scientific research and experiment,” which in the current esti- 
mates stands at about £285,000. This sum is so obviously inadequate-as. 
to suggest that the old periny-wise pourd-foolish system is ‘already’ in 
force once more.—“ The Naval and Military Record,” Aug. 18, 1920.’ 
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NAVAL ARCHITECTURE IN ‘AERONAUTICS* 


By Jerome C. HuNSAKER, Eng.D., ComMANDER; 
Construction Corps, U.S, Navy. 


Introductory—As an American, | am very pleased to have been asked 
to read the Wilbur Wright Lecture for this year, and for a moment to 
stand in the reflected glory of: my. eminent countryman. Wilbur and 
Orville Wright were the pioneers who blazed the trail, and made the first 
clearing in the wilderness. We engineers who follow later are only ap- 
plying, modern machinery and, methods of intensive cultivation in their 
original field. We should, therefore, keep in mind the fact that this field 
is given to us in trust to keep fertile, that its yield of benefit 'to mankind 
shall not diminish. Ihave chosen to discuss the use of. the tools of the 
nayal architect in aeronautics, as I consider that the time has now come 
to use them. The naval architect is a craftsman with both artistic and 
scientific traditions, and the art he practices has a technique perfected 
by the experience of generations. .It is only a few years since the Wrights 
gave the aeroplane to the world, but four of those years were years of 
astonishing activity, and the eaperionce of those years is’ worth more than 
that of forty ordinary years. There is already a vast store of experience 
available which the naval architect’s methods can analyze, classify and re- 
duce to useful énginéering terms. sate 

‘While. aeronautics as a useful art.and/a science is new, naval architec- 
ture is hoary with age. Noah probably considered and evidently reached 
a successful solution of the very problem of animal transport by sea that 
confronted our naval architects in the Great War. King Hiram’ of Tyre 
must have had a very fair naval architect who could fashion ships from 
cedar of Lebanon with a factor of safety and a range of stability adequate 
to cope with Atlantic storm waves. Atchimedes, however, ‘is generally 
recognized as the father of naval architecture. He first ‘developed the 
laws of displacement: and buoyancy, and is credited with the construction 
in 264 B. c. of the Syracusia of 6,000 tons—a veritable Dreadnaught of 
antiquity.” , 

The-naval, architect practices an art, with scientific methods. He’ ap- 
plies mathematics, especially geometry, in establishing ‘lines, displacement 
and stability. He applies the-methods of the civit'engineer in matters of 
structural design.. In matters of ‘resistance and propulsion ‘he is guided 
by the theory of hydrodynamics.’ But in all of these applications, the sure 
and true guide has ‘been éxpetience. From that remote’ age’ when’ the 
hollowed-out log canoe replaced the solid tree trunk down tothe days ‘of 
sail and steam, the naval architect has based’ his’ new’ design upon ‘his 
last. Factors of safety and coefficients ‘of ‘all kinds, tised in apparently: 

. theoretical or. frankly empirical formule, have been‘'really ‘factors ofex- 
perience. _The naval atchitect’s ‘problem deals’ with’ the sea, and'\we cannot 
pretend to. know, much more of its mysteries than that Syrian’ dandsinan 
who maryelled at the way of a ship in the midst of ‘the sea. The forces 
of nature are. still incalculable, but the design of a ‘vessel to be staunch 
and safe;is,not such.a ‘dark and dreadful adventure: ‘Cotifidence comes: 
from.experience and the naval atchitect’s mst powerful assistance comes 
from the ‘scientific analysis of’ that experience td reduce’ its’ lessons*to 
engineering ferms. x 5 2889 
<sS-etsipsbent yleadivdo 6 fijia 2in O00. 22 a a %s 

* Wilbur! Wright, Lecture}, Royal; Aerqnautical Society. Delivered on June 22 at 
the Central; Hall, Westminster, J) 5) ca pan : an 
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“The naval architect has available a priceless store of learning accamu- 
lated by generations of shipbuilders which; with ‘skill and judgment, he 
can make serve him.’ He cannot afford to lean too leavily’ on. the, past, 
however, and where'a new type of vessel must be produced, imagination 
and judgment of a high order are necessary. There is an artistic side to 
haval architecture, and for many craft the artistic feeling or “ flair” of the 
designer distinguishes an advance in the art from a routine product. In 
aeronautics Ihave yet to see a design representing a marked advance in 
the art made either without this artistic feeling for form and proportion 
or made wholly without reference to the lessons of the past. 

General comparisons are impossible, but it seems to me that in England 
aircraft designers have followed the naval architect's methods more than 
in other countries. ‘This is, perhaps, natural in the first maritime power 
of the world? In England, also, I find a very extensive application of the 
results of experimental_research, both model and full scale, which really 
is experience interpreted and analyzed by scientific methods. In Fratice I 
see less influence of experience and perhaps more originality of invention 
as shown by. occasional radical departures, omitting intermediate steps of 
development. In Germany there was once a tendency to “ professional de- 
signs” based ‘too strictly on theory, resulting in strange and awkward 
structures like the Taube types. During’ the war something happened to 
reverse this policy, and we saw a ‘seriés of machines developed step by 
step, obviously from experience. In America we have suffered from the 
desigris of the inventor without experience and from the practical rule- 
of-thumb, man without theoretical landmarks to guide him. On the whole, 
the successful designs have been produced by men of imagination ‘and 
judgment applying analyzed experience with the best theoretical and en- 
gineering information available. =~ 

For very small machines the inventor type of designer has been very 
successful at.odd times. He hits on a good solution, and, by a process of 
cut and try, eventually works out the faults before his patience’ or purse is 
exhausted. For large machines and airships the time and expense re- 
quired are. too great for cut and try methods. A large flying boat or an 
airship is a success or failure on her first flight. If badly over’ weight, 
unstable or out of balance there is no chance to rebuild. ‘ 

In our Navy we look with suspicion on the man who is more concerned 
with the method of doing things than in the actual doing of them, and to 
avoid any misunderstanding, [ must ‘say here that T wish to make my 
point, as to.the utility of the naval architect’s methods in aeronautical én- 
gineering by attempting actually to do a few things which appear to be 
needed at this time. This work I have thrown into appendices attached 
to this paper. I will not take time to read each complete appendix, ‘but 
will discuss them briefly. I trust that if my technical friends will find 
time.to,look.into them, they, will find them useful. ; 


ABSTRACT OF APPENDIX I. is rs y 


Weight Estimation-—Both the aeronautical engineer and, the naval archi- 
tect: risk their; reputations, with weight estimates. ..A ship must float,on her 
designed, water. line and an. aeroplane must fly with, the. wing surface pro- 
vided. Serious overweight in either case pe failure. It is only rare- 
ly that vessels are discovered to be much overweight, but, unfortunately, 
overweight has been all too common with aircraft. Naval architects are 
able, to estimate weight with fair, precision from unit weights gleaned 
from.,past experience, and to check this’ estimate by calculation’ from the 


drawings. During construction, weights are controlled by' weighing every- 
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thing that goes aboard the ship. For aircraft, the practice of rigid. weight 
control has not been. well established either in the shop or in the drawing 
office. Very: often. construction is commenced before the drawings are 
completed, and during construction changes and alterations are incorpor- 
ated without reference to their cumulative effect on the weight. A pro- 
posed change may be approved on its merit and not. with reference to a 
definite weight allowance. : é 

-It is essential that before construction, or even detail design, is com- 
menced, a weight estimate should be made in the nature of a weight allow- 
ance which shall be treated like a bank balance, and on no account be 
eyerdrawn; Such a weight allowance must be made from the general de- 
sign drawings before the, details are developed,and necessarily is based on 
past experience with a similar type of construction. This is the naval 
architect’s method, and. to avoid guesswork requires extensive. records, and 
weight returns. from actual work. The matter of weight estimation for 
various.types of aeroplanes is not, really such an, inaccurate procedure 
even.in the case of an apparently radical departure from previous types 
of construction. _ I, have. assembled published weight data for several hun- 
dred different aeroplanes and seaplanes—British, French, Italian, German 
and American—from the smallest to the largest, and while the returns in 
any. individual case may, be unreliable, the general trend is usually quite 
definite. It appears that no designer, whether using solid wood, hollow 
wood or metal, is getting something for nothing, and, in general, the per- 
centage weights for machines of similar type are remarkably.alike. If 
this conclusion be established, a designer may estimate the weights of 
a new design. with some degree of confidence provided he has data for a 
somewhat similar type to work from, 

The following general conclusions appear to be established :— 

1. The weight of wings, struts, wires and tail surfaces amounts to about 
20 per cent of the gross. weight for all types. 

2. The weight of body, fuselage, landing gear, boat hull, &c.,. trends 
downward from 22 per cent of. gross for 1-ton machines to 15 per cent of 
gross for 20-ton. machines. 
> 3.:The weight of power plant also frends downward from 30 per cent 
for small to 20 percent for large machines. 

4. The. weight light for machines from the smallest to the very maxi- 
mum_ sizes has. today a lower limit at about 53 per cent. 

5. For large flying boats and large aeroplanes, the weight light is about 
the same... tie , 

6, The structural weight is high for low-powered machines and low for 
high-powered machines, and in general the best weight carriers show about 
18 pounds per horsepower. 

-.%. Similarly, the structural weight is high for low wing loading and 
vice versa. 

8. The wing loading is found to be greater for the larger machines, 

reaching a maximum of nearly 12 pounds per square foot for the large 
flying boats. 
9. It appears that all the evidence from past practice indicates that large 
) flying boats can safely be given a higher wing loading and a higher land- 
ing speed than land aeroplanes, and, hence, have a distinct advantage as 
weight carriers for commercial purposes. 





" ABSTRACT OF “APPENDIX II. 


Eh : Metacentric Height—They that go down to the sea in ships are wont to 
criticize a ship in an offhand manner, her wetness ot dryness, her period 
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of roll, whether she will sail sweetly or prove crank, and other mysterious 
details of her intimate behavior among waves. And all this with an ap- 
parent confidence which to’a layman must betoken a wisdom such as Sol- 
omon’s. But there really is little mystery about it, for nearly 175 years 
ago, Bouguer,* the father of theoretical naval architecture, hit upon the 
brilliant conception of a metacentric height to serve as a measure of sta- 
bility. Since that time thousands of ships have gone to sea with cargoes 
stowed iti an indefinite number of arrangements, and millions of passengers, 
as well as animals, have been made violently or only mildly ill. Some 
ships. carried sail. well, others’ were crank; some ships proved stiff but 
violeat in motion, others capsized. Every sort of marine disaster has oc- 
curred; and as a-result an enormous store of experience has béen accumu- 
lated. In nearly alk such cases a knowledge of the metacentric height of 
the vessel has proved to be a valuable index to her behavior. 

The metacentric height or distance from the center of gravity to, the 
metacenter is the limit of the distance G m on Fig. 1 as the angle of roll 
4 6 from the normal or upright position becomes small.. A ship is stable 
if there is a righting moment for any angle of heel. The initial stability 
is measured by the metacentric height in the upright position. If the 
ship be already heeled through a large angle, she is still stable if she 
still has a positive metacentric height. There is thus to be considered the 
problem of range of stability or the angle of heel permissible before the 
metacentric height vanishes. The period ‘of a ro]l, neglecting damping, is 
given by the expression: é 
t=ak/V (g.Gm), where k is the radius of gyration. It_appears that 
the rolling will be quick, and hence uncomfortable,.when G m is large. 
For an easy ship G m should be small, but not so smaif‘as-to impair the 
range of stability. For passenger steamers G m may be made’ smalt-with 
safety, but for*:warships: it:is necessary to provide a larger G m than the 
gunnery officers would desire, to provide for stability in a damaged con- 
dition. Battléships sunk in action usually capsize before going under. I 
have spoken so far of the “ lateral’? meta¢tenter: which controls the’ rolling 
of vessels.. There is, of course, a Strictly analogous “ longjtudinal” meta- 
center which controls the pitching. 

The metacentric height is, of course, an index to the station! condition 
only, but for all practical purposes has served the naval architect very 
well. ‘The dynamics of rolling among waves are even more elusive than 
the theory of aeroplane stability so beautifully dexsloped by Bryan} and 
Bairstow.§ And just as the naval architect proceeds. to design good vessels 
by using his practical judgment based on experience and a knowledge of 
the metacentric height regardless of the mathematics of resisted and syn- 
chronous rolling, so do we find aeroplane designers producing good aero- 





* Bouguer, “Traité du navire,” Paris, 1746; L. Euler, “Scientia Navalis,” St. 
pm Ho 1749; Atwood, “ Stability of Ships,” London, 1796; Chas. Dupin, “ Ap- 
plications de Géometrie et de Mécanique Marine,” Paris, 1822; P.J.. Moreau, 
* Principes fondamentaux de l’équilibre,” &c. tM 18380; J MC Duhamel, 
“La stabilité des corps flottants,” Paris, 1882 osley, ‘ Jon the Dynamical 
Stability and on the Oscillations of Floating Bodi omen 1874.; F, K. Barnes, 
“On the Metacentre and Metacentric Curves,” ‘“ 1 Science,” vol. tang London, 
1850; E. J. Reed, “A Treatise on the Stability of Shi ps,” peed, de Eb 

ae le Lome, 


+ D. Bernoulli "(Prix de l’Académie des Sciences) 
gs: Mota, G.M.,” vol. iv., Paris, 1859; Wm. Froude, Proc. fast. ng Rs irch., vols. ii, 
iii, iv, xiv, xvi, London ; Rankine, Proc. Inst. Nav. * ._v, xii, London; 
Scott Russel, Proc. Inst. Nav. Arch., vol. ht Londen ; Bertin “Les vagues et le 
roulis,” Berger-Levraut, Paris, 1877; Reec “Théorie du ‘roulis, &c.,” Paris, 1870. 
G. H. Bryan, “Stability in Aviation,” Macmiltag ee 1911. 
P caren “Advisory Committee for Aeronattics,” and M., 116-122, Lon- 
on, 
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planes, using practical judgment and very little mathematics. T have yet 
to find anyone in’a sti¢cessful aeroplane design office solving simultaneous 
differential equations: of motion. 
‘Unfortutiately, the’ aeroplane’ designer has riot 100 years ‘Of experience 
to draw on, and there has beén no ready handle on an aeroplatie to seize 
upon ‘like’a metacéntric ‘height.’ Consequently, a great deal must’ be left 
to to Tudahiede artistic feélirig, Comparison with other aeroplanes, aid even- 
tually‘ to the ‘opinion ‘or prejudice ‘of the’ test ‘pilot. The’ need’ for some 
ready means’ for off-hand judgtietit of ‘aeroplane stability and manewver- 
ing ability has been felt fora ‘long ‘time. The ‘mathematics of stability 
are ‘too cumbersome ‘for practical T ae: and ‘require extensive wind-tunnel 
research to establish the necessary constanits. t is: my’ ‘experience that we 
can. build atid fly’a small aeroplane in less time than’ it takes to perform 
be Base calculations. t 
é genetal case of the disturbed ‘motion of an tierdplane’ is not simple; 
but the longitudinal or symmetrical ‘motion is two-dimensional and can 
be Considered apart from the lateral or asymmetric motion. For the longi 
tudinal motion, we are interested in the pitching oscillations°and the cri- 
terion that such oscillations be stable. For aeroplanes of normal design, 
if there be a_righting moment called into play by any angular. deviation 
from the normal. attitude* the pitching oscillations so produced are 
strongly damped, In other words, if an aeroplane be statically stable it 
is also dynamically stable, so far as pitching is concerned.7 
My colleague, ommander Wm. McEntee (C&.), United States Navy, 
suggested the application of the naval architect’s: metacenter to measure 
the statical. stiffness of an aeroplane’s longitudinal stability. ~I have .as- 
sembled the data from.all of the wind tunnel tests on complete model aero- 
planes that I had. available, and have computed the metacentric height 
from the observed slope of ‘the curve of pitching moments in athe follow- 
ing mafiner :-— 


A M/A 0 = slope of curve of pitching moment. __... 
And M=W Gmsind=WGm , for small angles. 
But M = (A M/A 6) 0. 

Then-G-m = (1/W)-(4 M/A 0). 


This algebraic definition of G m has the dimensions of a léngth and 
amounts to from 2 feet to 12 feet for modern aeroplanes and flying boats. 
It is directly proportional to the coefficient My» of Bairstow’s notation, but 
immensely more easy to remember for use for purposes of comparison. 
It is also proportional to the center of pressure ‘motion: To give the 
length G m a physical meaning, Fig. 2 has been drawa to an exaggerated 
scale. It will be noted-that m is’ the intersection of* resultant lift vectors 
for successive angles” ed incidence, resolving the. lift component -at a line 
of reference through ‘the center of gravity in the direction.of motion: As 
an reggae mis, therefore; dependent on the anglé of intidence, and 


it canbe shown that-for largesangles of incidence m approaches G. The 
metacent AUG. ae it gfoWs less’and tends to vanish when the aeroplane 
stalls. This is, ofcourse; entirely consistent with the unfortunate natural 


phenomeiioni’ ‘which tiiakes'a stalled aeroplane notoriously unstable. 

Fig. 3 is a graphical representation of a wind tunnel test of a model of 
a flying -boat.. It, shows how Gm. diminishes for larger cite hei of .inci- 
dence until. it vanishes at.about: 12 degrees. ‘The metacen aoe 
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been. caleulated: from, .wind tunnel, tests.on. complete. models . (ex. propel-. 
lers) .of 27: types. Aeroplanes, both.;small and. large were. included, as. 
well as float seaplanes and flying boats. We have a truly, miscellaneous 
collection, with. British, French, German and American examples, which 
should, give..a good. test, of; the naval. architect’s.method of classification 
by. means of metacentric height... Designers have, in general, been giving 
a greater. metacentric height for great.chord length, which appears rea- 
sonable... Plotting the metacentric; height. against chord length: on. Fig. 4 
brings, this out clearly. The points group; themselves about a straight 
line. It therefore. seems possible, from a. knowledge of: the relation of 
chord .to, metacentric height, for, any..design td.say, with some confidence, 
whether the machine will be more. or. less stable (stiff), longitudinally than - 
the average, and whether such stability. will be reasonable or abnormal. 
Effect of Change in Angle of Stabilizer Setting.—Calculations of .G .m 
have, also, been made from wind, ‘tunnel, tests in.which .the setting, of the 
stabilizer has been altered. To bring out, the effect.of such. changes, Fig. 
5:has' been-made where G. m is. plotted against the angle of. stabilizer set- 
ting, 4, ¢., the angle between the stabilizer and the wing,chord,. It willbe, 
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noted that the points fall near straight lines whose’slopes are the change 
in G m per degree change in angle of stabilizer setting. This slope is de- 
noted by A4Gm/4B and is plotted against. the ratio. of horizontal tail 
area/to wing area in Fig,-6. It is found that 4G m/4 6 depends on, the 

area of the horizontal tail surfaces in a straight line function. The slope 
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of each line of Fig. 5; when plotted on Fig. 6, falls near either one or the 
other of two’ straight lines which have substantially the same’slope. It is 
to be‘ noted from these ‘lines ‘that ‘the ‘tractor-type tail surface is less effi- 
‘ecient than the N. C.,°a pusher+type’ tail stirface, a conélusion consistent 
with previous experimental work: (A. C. A. R. and M. 438 aiid 505.) 

Effect of Change in Stabilizer Area—The values of G m for changes in 
‘Stabilizer® area for’ various’ machines, plotted ‘against ‘percentage of the 
original area, are given in’ Fig. 7; atid it will be seen that they line’ near 
straight lines. - The variation in the ‘slopes ‘of these lines is small “and 
seems to be independent of thé original ‘size of the stabilizer: ~ - 

Fore and Aft Movement of Center of Pressure—tIn order to study the 
movement of the ‘center of presstire, the 4 degree vector location, or line 
of ‘action of total airforce for an angle of incidence of 4 degrees, has’ been 
determined fora number of ‘machines and for various: stabilizer settings. 
These’ locations ‘are plotted on® Fig. 8.’ For each machitie the points are 
found to lie hear a'straight’ line, the line for the larger machities hayitig, 
however, a greater slope than ‘those for the smaller machines. In Fig. 9 
the slopes from ‘the lines of Fig. 8 are plotted against the ‘wing chord of 
the ‘machines which they represent. The fact that all of the points ‘so 
plotted lie very nearly on a straight line indicates that the ‘movement of 
the 4° degrée ‘vector with change in angle of stabilizer setting is almost 
entirely dependent tipon the wing chord. The average value of the ‘move- 
ment of the 4'degree vector per degree change‘in stabilizer setting is found 
to be’ 0:033 chord. ‘This 'movement’is forward if the normally negative 
angle between stabilizer and wing chord is increased, and vice versa. 

In the foregoing disctission I have tried to britig out the fact that an 
aeroplane actually has’ a métacentric height which is entirely under the . 
control ‘of ‘the designer. ‘It would very much clarify our knowledge of 
aeroplanes if we knew the initial metacentric height the designer gave it. 
Knowing ‘this, we could judge, with some degree of ‘confidence, whether 
the machine is reasonably stable for its type: Further; if we knew the 
metacentric height as designed, the effect of stabilizer adjustment could 
be considered more intelligently than it is at present.’ The adjustable ‘sta- 
bilizer is a very useful and convenient device for altering the balance of 
a ‘machine, but it also alters the ‘metacentric height.’ It is quite’ possible, 
by excessive tise of this means to balance up an otherwise tail’ heavy ma- 
‘chine, entirely to destroy the’ métacentric height and ‘hence ‘the stability. 
The tables ‘and ‘charts ‘given in the complete appendix may’ prove useful in 
the consideration ‘of such a possibility for a particular design. 
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ABSTRACT ‘OF APPENDIX: III. 


Control. Surfaces—I, doubt if there is any one part of an aeroplane 
which has caused, more'trouble than the control surfaces: taddets, ‘éléva- 
tors, ailerons, The three-tudder system of control invented and developed 
by the Wrights made flight possible. It is fundamental for’ three ‘dimen- 
sional space. All of the experiments before the Wrights failed for lack 

f proper control. Consider the machines which did ‘not really fly ‘of 
‘Lilienthal, Montgomery, Langley atid ’the other’ pioneérs. “As'Soon’as the 
- ‘Wrights showed how to control an aeroplane, any ‘boy could make ‘his 
own glider, . Yet although the fundamental nature of this’ discovery’ is | 
universally recognized, we know little more about the’ desigh of’ such ¢on- 
trol surfaces than the hig tatight. ‘Control’ surfaces are’ proportioned 
for aeroplanes and airships largely. by judgment ‘and experience. ‘There 
is no stire calculation in aur handbooks, and the désigner risks his reputa- 
‘tion and the test pilot risks his life on many new ‘machinés. For civil 
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aviation it is especially: important for;machines, sold. to |the general. public 
to, have. adequate control surfaces.,, This,is quite as ;important as to,re- 
quire. adequate factors of safety, and. apparently not one-tenth so. difficult. 
However, the areas and proportions of control surfaces are the only things 
not covered by specifications. We depend.on, the test pilot to state, whether 
he. finds the. control certain, and: easy. ; eee ‘ 

When an. important feature of design isso, largely..a matter.of judg- 
ment.and feeling: we look to; naval ‘architecture for.an. analogous problem. 
The rudders of vessels are,made large or. small, depending on. the maneu- 
verability desired... The actual Senge of such rudders. is.a; matter of. judg- 
ment, and experience. For a, merchant. ship, a rudder. area from 1/75th to 
1/100th the, area. of.the. longitudinal. section of the, ship; is, found. to. be 
quite. satisfactory: for ordinary steering. ..For, warships the turning, circle 
isa, military. feature, and .to. give quick, maneuvering a .rudder. relatively 
twice as, large.is used. , The, exact. size: and shape. of. rudder to, use, for 
any, design. are..determined, from.an analysis of the rudder, proportions of 
ships of similar. type whose. turning. circles;.and. general.. behavior,.are 
known: Such mathematical .theory of the turning of) ships as.,exists.is 
used.in selecting the important, variables. in the. problem,.but, the analysis 
results. in empirical coefficients. ct rhs 

The naval.architect’s method: has been applied to obtain empirical .co- 
efficients for the, control, surfaces of aircraft of various types... It is inter- 
esting to. note. that: the. average coefficients. for. very different types are 
practically; the same. : The coefficients for, the: individual, machines. vary 
more,,widely. and. reflect the individuality of the. designers. , In. particular, 
the average for 15 German aeroplanes shows. an aileron. area only. 8, per 
_ cent, of the wing, area, while, in general, the averages lie between 11 per 

cent.and. 13 per,.cent. , It, must be that the, Germans did not desire a,pow- 
erful lateral control... re 

Similar coefficients for.the control: surfaces.of,airships show less. uni- 
formity.and it would. appear, that airship designers. had not. yet, settled 
upon simple. rules... However, experience with airships is. still. relatively 
limited. when. we consider the immense numbers of aeroplanes that have 
been built. agi? ; 

Turning now to the proportioning of the control surfaces; both ex- 
perience and wind-tunnel experiment teach that the best.control. surfaces 
are narrow trailing portions of fixed surfaces. This makes for simplicity 
both: structurally and aerodynamically, But,a difficulty. arises in. large ma- 
chines where. it.is necessary to balance. the surfaces. to relieve, the load.on 
the pilot. I know of nothing more embarrassing than to have a balanced 
aileron or elevator flutter violently in flight; unless it be to have the bal- 
ancing portion twist off .entirely, 

The aeronautical engineer needs some simple rule for the design of bal- 
anced control surfaces. It is not practicable to make elaborate wind-tun- 
nel experiments for every design and it is not safe to. depend too much on 
judgment... In order to use simple rules, aeroplane designers must adopt 
forms which lend ‘themselves to simple computations. Many of the forms 
of balancing in common use. are, aerodynamically, entirely indeterminate. ' 
No man. can, calculate with confidence the force of the air spilling off a 
wing tip and. striking an, overhanging portion of aileron., There, is cer- 

‘ tainly a vortex there of.a most uncertain nature. Similarly, in the so- 
called. “dovetail” method of balancing where the balancipig: portion of the 
control surface works. in a recess in the fixed fin, there,is a mica! reaction 
between the. two. surfaces which is highly indeterminate. The Zeppelin 

rudders have. until recently.had this form of, balance, but I have noted 
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with, antafection that the “ Bodensee” has changed to a pastially, overhung 
type of rudder, The navalarchitect has, long ago been through similar 
troubles with. ships’ rudders in rear. of. the: dead wood aft, and concluded 
that, he would. use.a plain trailing. rudder hinged to the stern, post, with an 
underhung balancing portion poring into, clean water, The dead, wood 
is. cut away,.forward of this balancing portion. Spade rudders. are: used 
where they cannot influence the dead wood or be blanketed by it, If.aero- 
nautical engineers would agree to use. simple. overhung, balanced control 
surfaces, a. simple calculation, would serve for their design. A calculation 
for, such control surfaces ona number of | ‘machines. where the center of 
pressure of the trailing portion, is taken at 0-3.chord length, and for ‘over- 
hung they: at 0-2 chord length, has been made and the. ratio of balancing 
to righting moments gives a coefficient which, for the normal case, free 
Peon blanketing or slip-stream effects, should not exceed 0-65... . 

To sum 1ip,, control. surfaces of. the usual-type can be. designed by, use 
of coefficients taken from similar type machines of normal behayior. with 
SUSE AMADOR that. the maneuverability of the new design wet prove 
norm 


ABSTRACT OF APPENDIX Iv. 


Normand's Weight Equation (Rigid Airships)-—There is nothing more 
profitless than an argument over’a proposed design between the operating 
personnel, who are always demanding enhanced: military characteristics, 
‘and the constructors, who are prone to object to change on the grounds 
that their pet design will be spoiled. Most likely both sides advance very 
‘strong ‘arguments to support'a particular view of the matter. But such’a 
discussion should not rest on a basis of argument alone, else it degen- 
erates into something resembling that ancient impasse: “Are the moun- 
tains better than the seashore.” As a matter of fact, the effect of any 
proposed change in military. characteristics can be calculated in a sufhi- 
ciently approximate manner to make possible a decision based upon evi- 
dence. For rigid airships which closely resemble vessels, I propose. the 
use of a naval architect's method for analyzing such problems, due. orig- 
inally to that eminent French designer of torpedo craft, M. Normand, and 
pane goer extended and perfected by Professor Hovgaard, By: Nor- 
mand’s m od, a rapid estimate can be made of the cost. in displacement 
involved by almost any proposed change in the ship. 

In the fourth appendix to yo paper, I have: developed. -Normand’s 
method to apply to airships by forming the so-called weight equation as 
the sum. of the. principal weight. groups each expressed in terms of the in- 
dependent and dependent variables of the design. This weight ¢ ation 
is then differentiated to exhibit the effect of a change in any, 
variables and formule deduced, analogous to those which ly, to pth e4 
by which a cuastisasing estimate can be made forthe. effect o such 

An. airship, can be changed in two ways, by Prcserring, similitude of 
form. and permitting. the volume to vary or by holding. constant, volume 
a es the ratio. of | to, diameter. Considering the first, case, 
e:fStOR DE o pranocionality computed in the fourth appendix is about 
aes for a ship. of L.49 type. This means that an. addition of. 1,000, pounds 
to. the weight of any item in the ship calls for such increase-in other items, 
ri pag the per ance the same, that the total lift must. be. increased 

rch oe fe or battleships N.is of the order of only 2-5, snaienbae. 8 a 
much more avorable situation. The. principal reason airships appe 
at.a disadvantage. comes from the longitudinal bers of the hull st ee 
whose weight increases as the fourth power of the length of the. ship. Con- 
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sider tiow ‘the effect Of holding volume constant and ‘changing’ the’ fineness 
of the ship. The longitudinal members of ‘the hull vary. in weight ‘as the 
third power of the length and’ the first power of the diameter, while ‘the 
‘weight of the transverse frame ‘varies ‘ds the fourth power of the diameter. 
If the ship’ be fattened up, weight is saved on the lorigituditials and lost 
on the transverses. But if the’ ship be too long originally ‘theré will re- 
sult an important ‘net ‘saving in weight. ney 

Finally, I°have applied’ the method to ‘a rigid airship of the Zeppelin 
‘type (1.49) in an example to show how practical answérs may be ob- 
tained.- The displacement of L.49 is assumed ‘to be 1,940,000 cubic féet, or 
129,800 pounds. If it be proposed to make’a new design which shall be 
similar to L.49, except to have 2,000 pounds more bombs, a ‘25 per cent 
heavier outer cover, arid 15 per cent more speed, the new ship must be 
given 13,890 pounds more displacement, or a total volume of 2,145,000 cubic 
feet. The net price paid in displacement is, therefore, about 6 tons. 

On the other hand, if the ratio of length to diameter be reduced from 
8 to 7, the ship can be built lighter, and the calculations show that a ‘sav- 
ing in the new design of nearly 5 tons is due to this change of form alone. 
As a final result, a new ship.resembling L.49 might be built having the pro- 
posed changes incorporated, and only be slightly larger than L.49; i.e., 
1,990,000-cubic feet. The -principal dimensions. compare’ as | follows:— 

Length, 1.49, 634 feet; new: ship, 584 feet. 

Diameter, 'L.49,-78-7. feet; new ship, 83-5. feet. 

It would appear that a: decrease in the length-diameter, ratio is of: great 
advantage, and were it not for the necessity to consider the height of ex- 
pos hangar. doors, airships-might well be. made fatter than the German 
models. 


ABSTRACT OF APPENDIX: V. 


Thé Model Basin—WNaval architects first came into aeronautics in con- 
nection ‘with seaplanes. “The aeroplane was developed before the sea- 
plane, ‘and at first the great problem ‘was to design the boat or float so 
that’ the seaplane could actually leave the water. The early attenipts were 
tarely successful, and it was not until a satisfactory form of planing bot- 
‘tom had been developed by model, experiments in the towing basin’ that 
any ‘consistent success was had. The contribution of the model basin’ to 
aeronautics is too well known to be gone into here. Existing methods 
and apparatus which had ‘been developed for the’ study of the résistance 
of ‘Ships ‘were immediately available as soon as it'could be demonstrated 
that Froude’s law of corresponding speeds applied to ‘the planing ‘action 
of ‘flying boats. Such a verification was soon demonstrated by the ‘suc- 
cessful performance. of’ seaplanes’ designed from the results of model 
‘tank dx Geritients: vanaicseds: irked 

It is now possible to test in the tank, at small expense and no ‘risk,’ any 
proposed form of planing hull and to determine whether’ or not’ stich a 
hull ‘is worth constructing full scale, It is, therefore, possible to eliminate 
a gteat many types which would prove to be disappointments, ‘and it é 
also possible to experiment ‘with a great variety of mirior modifications in 
fotm to determine the effect upon general’ behavior of these ‘modifications. 
As a result of the last four years’ work at the experimental’ model’ basin 
at the Washington Navy Yard by my colleagues, Commander Richardson 
‘and Commander McEntee, two forms have been ‘developed which, for gen- 
eral purposes, we have found superior to the others. One is’ a ‘pontoon 
which has been used on single and twin float’ seaplaties, and ‘the’ other ‘is 
‘a form of hull which was used for the 'N. C. flying boats: ‘These ‘formis 
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4 
may not be the best known, as ‘regards resistance or any other single 
feature, but have proved of all-round utility: 

These forms are both what is called “vee bottom,” and although this 
form of bottom behaves well in rough water and reduces the shock of 
landing, it is objectionable on account of the spray thrown out from the 
chine. For a twin float installation this is often a serious matter, as the 
spray gets in the propeller and causes trouble. A recent scheme to pro- 
tect the propeller from spray has been suggested by Mr. Grover C. 
Loening. For twin float machines, he proposes floats with a bottom slop- 
ing outboard from the inner chine. This appears to eliminate all spra} be- 
tween the pontoons throwing it outboard. The experiments in the towing 
tank record all those things which can be measured, but do not record 
the spray and wave formation: We have recently undertaken the study 
of the wave formation which accompanies a planing boat by the use of 
an ultra-rapid motion picture camera, which takes pictures at eight times 
the rate of the commercial machine! When projected on a screen at 
ordinary speed (16 per second), this gives a view of the whole wave sys- 
tem to a microscopic time scale. This work is too new to warrant any con- 
clusions from it, but I mention it as being a suggestive means of studying 
a very complex state of affairs. 

An extension of the usual work of the model basin has led to the in- 
vestigation of the strength of flying boat hulls to resist the shock of land- 
ing. For this purpose, accelerometers are mounted in the hull. Attempts 
to use the R.A.F. accelerometer were disappointing. This instrument had 
been used in the air for acrobatic flying with very satisfactory results, but 
it appears that the force at landing is too suddenly applied to be easily 
measured by this type of apparatus. Another type of accelerometer, de- 
veloped by Dr. A. F. Zahm, has been used with very consistent results. 
This instrument depends only on the deflection of a series of light vertical 
springs by a series of masses and gives a definite maximum. With this 
instrument landings have been made in smooth water and it appears that 
the vertical component is seven times gravity and the horizontal component 
2-5 times gravity. An R. A. F. instrument mounted alongside the Zahm 
instrument gave at the same time three times gravity and 1-7 times 
gravity, respectively. The large vertical components are noteworthy and 
appear consistent with our experience where engine foundations on flying 
boats and pontoon struts have failed, although they were designed for a 
load factor of eight. 

Conclusion—In this paper I have discussed in rapid succession five ap- 
plications of naval architecture which could only be developed in detail 
in the appendices. Consequently, I cannot expect to have demonstrated 
more than the existence of these methods of attack and to have adver- 
tised their utility. It will be noted that two principal methods only have 
_ been.-used. 

The first is the analysis of experience by means of a comparison of 
percentage weights, percentage control areas, &c., for a large number of 

successful aircraft. Similarly an analysis of experience is attempted in 
the comparison of metacentric heights. Normand’s method of differen- 
tiating a weight equation is also based upon experience, and the method 
will not attain its maximum value until weight statements for a great 
many more airships are available. I cannot urge too strongly the general 
advantage to the art which would result from the full and frank publi- 
cation of technical information regarding not only successful designs but 
failures as well. The failures in particular are priceless, but ‘perhaps it 
is too much to expect of human nature that a post mortem on a bad de- 
sign will see the light of day. 
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The second peculiarly naval architectural method used in aeronautics is 
model experimentation. A theory of similitude, geometrical, mechanical 
or dynamical, is used to apply model basin tests of boat hulls, wind tunnel 
experiments on aerofoils, and model propeller tests. Such a general use 
of similitude in design is unique in engineering practice and forms the 
closest bond between the naval architect and the aeronautical engineer. 

The analysis of experience is really a statistical method for which trust- 
worthy data in quantity are necessary. Given the necessary information, 
the naval architects’ methods.not.only reveal the past and present state 
of the art as represented by engineering coefficients and averages but also 
show the trend of the more successful designs. In that way, future de- 
velopment and the most promising directions for improvement can be pre- 
dicted. To avoid leaving the impression that the naval architect is look- 
ing backward exclusively, I should like to take the opportunity to recall 
the astonishing success of the little airship built by Dupuy de Lome in 
1872. This eminent naval architect attained by his professional skill the 
maximum success which the state of the mechanical art at that time per- 
mitted. His little hand-propelled “ Aerial Ship” exhibited all of the prin- 
cipal features of our modern non-rigids in their fundamental forms. Con- 
trol and stability were correctly understood and provided for. An air- 
speed meter was also provided. The requirements of our modern theory 
of suspending a car below a non-rigid gas bag were met by his suspension 
system. A ballonnet and blower were used in accordance with good prac- 
tice. More remarkable still, Dupuy de Lome made the envelope of. two- 
ply rubberized fabric and doped it. with a very. fair gelatine, glycerin, 
acetic acid varnish to make it tight. 

I quote from a contemporary account :— 

“The stability was something re op several persons moving 
about in the car. at the same time, did not produce any oscillation. A 
descent was intentionally: made from 1020. m. to 600 m. without making use 
of'the ballonnet. The folds.in the-balloon then became very marked, and 
it was interesting to observe, the tension of the various ropes as they main- 2 i 
tained the major axis of, the balloon in a horizontal position. 

“The complete agreement of the results of. the.trial with those foretold 
by the inventor will be obvious to everyone. Such an agreement, usually 
so rare, is the more extraordinary. as in this case all the bases of calcula- 
tion had to be. discovered. 

“Henceforth aerial navigation may be said to possess a theory of sta- 
bility and propulsion. The true history of ballooning will date from Feb- 
ruary 2, 1872, a new era marked by the invention of the navigable balloon, 
and rendered illustrious by the name of M. Dupuy de Lome, so well 
known in connection with scientific progress and invention.” 

The name of .Dupuy de Lome deserves to be remembered not. only as 
the leading naval architect of his day, but also as the first naval architect 
to apply his art-to aeronautics. : 

In. closing, I should like to express my, appreciation of this opportunity 
to present before this society some of the later knowledge of the Navy De- 
partment in an effort to make at least.a small return for the very val- 
uable work which the Royal Aeronautical Society has done in publishing 
and distributing for the benefit of the art the best knowledge of British 
aeronautical engineers. My. chief, Admiral D. W. Taylor, Chief Con- 
structor of the Navy, especially welcomed this continuation and extension 
of. the cordial relations established during the war, and authorized me 


* Leclert, ‘‘ Naval Science,” April—October, 1872. 
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to disclose anything or everything of value in the possession of the Bureau 
of Construction and Repair. The Secretary of the Navy i is much pleased 
that an officer of the United States Navy has been invited this: year to 
read the Wilbur Wright Lecture, and: desires me to express his gratifica- 
tion. The foundation of the Wilbur Wright Lecture isan institution very 
much to. the credit of the Royal Aeronautical Society, which is not only 
the oldest aeronautical body in the world, but also the first to found a 
permanent memorial to my countryman. This early recognition of the 
Wrights by this society has ample justification, for this very Hall might 
not still exist tonight had not Wilbur and Orville Wright's invention been 
overhead to protéct it.. In honoring Wilbur Wright, we meet on:a com- 
mon ground, Firstly, relations between our countries will be furthered 
by transatlantic flying, and it seems very appropriate that the most inti- 
mate contact should be maintained. by. those technical and scientific work- 
ers who are striving for the same end: The improvement and application 
of the gift of flight left us by Wilbur Wright.—‘‘ Engineering.” 





THE AIRCRAFT DYNAMOMETER HUB.* 


In this article it is proposed to deal with the details of construction of 
a dynamometer hub.as used at the present time.:. This device is fittedon to 
the extention of the crankshaft instead of the usual’ propeller hub, and 
carries the propeller in such a way that the propeller is in the same: posi- 
tion as with the usual method of fitting. The dynamometer hub consists 
of gauges with automatic regulation fitted between the two main parts 
of the device, moving independently one of the other; one of these is 
connected to the crankshaft and the other is connected solid to the pro- 
peller. These gauges are the most suitable of any type of dynamometer 
for the required purpose owing to the following three reasons: 

1. There is no lost motion in the gauges. The gauging-devices and parts 
transmitting the forces are not: displaced relatively to one another with 
varying loads, 

2. No spontaneous oscillations occur. 

3. The method of construction damps out the forced oscillations (gen- 
erated especially by the crankshaft and’ propeller). 

These advantages are of greatest importance, as’ in this method ' the 
heavily oscillating forces generated by the engine act on the dynamometer 
hub* without being balanced by any flywheel mass and’ méasurements in_ 
these’ circumstatices ‘are only rendered possible by those advantages: 

The automatically regulated gauge invented ‘by Professor’ Dr: Bende- 
mannf is illustrated in Fig. 1 in its most usual form. It consists of a 
cylinder a closed ‘at one end, in which is a light piston b which must “be 
a good oiltight fit’'in the cylinder. External forces are transmitted to the 
piston through’a tappet c. ‘An oscillating lever d is fitted on’ the top of’the 
cylinder. This lever passes between two collars on the tappet, and each 
end is connected to the regulating pistons e and f) fitted into holes bored 
through the cylinder. When a load impresses itself on the tappet, ‘the pis- 
ton is depressed. The regulating piston f then’allows a fluid under pres- 
sure to flow into the cylinder from g until the’ piston b is forced up again: 

The movement of the piston causes the reguiating piston f‘to reduce the 





* Extract from the 18th Report of the “Deutschen Vorsuchsgustalt’'f fiir Luftfahrt;” 
issued in Technical Memorandum .No. 19, by the Controller of Information, agaert- 
ment of Coca General of ‘Civil Aviation, Air Basenrs 
t¢ German patent 275,983, cf. T.B., vol. i, No. 1, page 61 
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passage for the fluid gradually, until the piston has resumed the position 
illustrated, when the passage is completely closed by the regulating piston. 
The pressure under the piston is then proportional‘to the load acting on 
the piston (if the friction on the piston is not taken into consideration) 
and can be gauged by means of a manometer fitted at h. The same pro- 
cess occurs when there is a loss of compressed fluid through leakage. As 
the load acting on the piston decreases, the compressed fluid flows back 
under the piston through 4. (All manometers in use act on the principle 
of change of volume.) The piston rises and the regulating piston ¢ allows 
the fluid to flow out freely until the initial position is reached. 

If sudden alterations of the load acting on the piston are not taken into 
consideration, the stroke of the piston is very small, it being determined 
by the position of the regulating pistons and the transmission of the lever. 
It is possible so to reduce the stroke as to render the movement negligible. 
The ‘piston then remains constantly in the working position of the gauge. 
If two or more gauges are required to measure the same force together, 
only one regulating piston is required, the compression chambers being 
all connected. 

The advantages of this device as mentioned above—freedom from oscil- 
lations and damping-out action—reach a maximum when the regulation of 
the outward flow is discarded (by which an economy of oil is also ef- 
fected) ‘and when compressed oil free from air is used. Machine oil ab- 
sorbs a large quantity of air when subjected to compression. The lowest 
quantities found by tests carried out at a temperature of 20 degrees C. 
are given in the following table :— ’ 





TaBie I. 
Com 1] 2} 8] 4) &| 6|12)| 20/27] 31 atm. 
Air o in per- 
centage of volume} 
at 1 atm. 30| 40 48 | 52 | 55 | 66 | 69 | 64) 69) 70 p.c. 

















These figures show that the compression must not be produced by means 
of compressed air but by means of a pump, and that no air must. be al- 
lowed to come into contact with the oil whilst it is under pressure. 

The main parts of the dynamometer hubs, Figs. 2 and 3, are the cone, 
the hub proper, the gauge housing, and the plug; to these must be added 
tubing, recording instruments, pressure oil pump, &c. 

The cone piece a is keyed on to the crankshaft extension and secured by 
means of a nut. It is cylindrical in section along the part where the hub 
is usually fitted, and the hub proper b, which carries the propeller instead 
of the usual hub, fits freely round it. The mounting.containing the gauges 
is fitted into the forward extension of the cone beyond the hub, In order 
to satisfy the need for symmetry there are two thrust meters and two 
torque meters. The axes of the thrust meters c lie parallel to the axis of 
rotation; the torque meters d are so fitted that their axes are. tangential 
to a circle at right angles to the main axis, the center of which 
is on the axis of rotation; in this way the torque is transmitted. to 
the meters directly. There are two lugs e on the hub b, which are oppo- 
site the torque meters when correctly located relatively to one another. 
Tappets f transmit the forces from the torque meter to these lugs, and 
the tappets g of the thrust meters also transmit the forces to the hub. A 
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connection between the revolving meters and a stationary pressure gauge 
and recording instrument is carried out by means of a so-called plug h, 
a comparatively long piston fitting exactly into a cylinder i. Holes are 
drilled lengthwise in the plug equidistant from one another and from the 
edge, the number of grooves varying with the number of connections for 
the compressed oil required. These grooves connect up with holes bored 
into the plug radially. The holes of the plug form a connection with the 
gauges; the slots in the plug are connected to the manometer tubing, so 
that continuous circulation of the compressed oil through both these 
grooves can be obtained. This device is fitted in front of the meter hous- 
ing, as it requires a free length of shaft. 

As. with various sizes of engines the cone must be altered in order to 
fit the crankshaft extension and the hub must correspond to the propeller, 
in the actual dynamometer hub (Figs. 4 to 7) that part of the cone in 
which the meters are fitted is carried out as a separate meter housing and 
is only connected to the other part of the cone by means of a toothed 
coupling, so that the housing is removable. 

The meter housing is the most expensive part of the dynamometer hub 
owing to the various parts fitted to it, such as the meter pistons and regu- 
lating device, &c. By constructing the housing as a separate part its range 
of application is increased and the selection of suitable material is ren- 
dered. easier. These advantages outweigh the increased cost of the de- 
tachable connection and the consequent increase in weight. In order to 
enable the required dimensions to be obtained chrome-nickel steel was 
finally chosen as the material for the cone a after several tests had been 
carried out, Owing to the stresses to which this part is subject. Its cylin- 
drical and conical surfaces are hardened and ground. The cylindrical sur-: 
face extends practically over the whole length, and it is on this surface 
that the hub proper is mounted, Slots b and grooves, are provided in the 
cone for lubrication. The tooth coupling d is fitted on to an extension c 
in front in the shape of a flange. A recess is provided to take the nut e 
securing the hub and the locking ring. 

The hub is a good sliding fit on the cone; it is made of cast steel, its ex- 
ternal shape being somewhat complicated owing to its locking flange. The 
dimensions of the hub are determined by the height, diameter, and bore of 
the propeller boss and the position and size of the boss bolts, whilst the 
diameter of the inside cylindrical section is determined by the size of the 
cone. The locking flange fits on the serrations of the hub in the usual 
way. The friction surface of the hub is lined with white metal. Hard- 
ened tool steel sockets, into which the hardened steel tappets are ground, 
are inserted in the lugs transmitting the torque, and slots, Figs..5 and 6. 
The play between the hub proper and the cone is limited in the direction 
opposed to that of the momentary impulse by stops; in the direction of 
the axis by two teeth / cast on to the torque lugs which form a kind of 
bayonet catch behind the flange of the cone (Fig. 6); in the direction of 
rotation by two lugs m cast on and engaging with two bars n on the 
meter housing. The accurate adjustment of the dynamometer hub is en- 
sured by two adjustment marks s:, on the flange and s: on the lugs h. 

The shape of the meter housing depends on the size and position of the 
torque-meter pistons. They must not only be exactly opposite the corre- 
sponding tappet sockets, but they must also be so placed that the centri- 
fugal forces of the pistons and oil do not influence the measurements. For 
instance, should a piston with a plane head, the radius of which is r and 
the area F, rotating about an axis O (Fig. 8), with an angular velocity 
w, be under the influence of a column of liquid reaching to the axis of | 
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totation the specific weight of which is y;, this column of liquid applies to 
the piston a force— 


=c. F. [ ate 4 (4) ] 


wt, y 


when c= ee 8 and @-+- 6 have the meaning shown in Fig. 8. 


Should a depression be made in the piston head the capacity of which 
would be V, its center of gravity Sy being at a distance s from the head of. 
the piston, then— 


P= el F (a? + 5/2) + (=) + V (2s—4u |, 
where 


mii Wc Viele Wet, 
p= and 6’ =b— 

Both these expressions show that the force P depends on b or b’, that is, 
from the position of the piston in the cylinder. Besides this force, a par- 
tial force Za of the centrifugal force Z of the piston acts on the center of 
gravity Sx of the piston (the weight of which is Gx), so that we have 


2 
Za = Cy S d= Gy. = (6-2), 


where d and ¢ have the meaning shown in Fig. 8. 


These two disturbing forces act in opposite directions. If P and Za are 
equal, then b can be so determined that the disturbing forces cancel one 
another, and in this way the disturbing influence of the centrifugal forces 
is entirely avoided. 

In order to keep forces Pas small as possible, the gauge cylinders are 
closed at the end by a cover o secured by a circular nut p (Figs. 5 and 6), 
and the space under the piston is filled with oil, the oil penetrating to the 
axis of rotation through slots-q. In order to enable the tappets and pis- 
tons to act on each other the covers are made oiltight round the corre- 
sponding extensions of the piston. In this way the cancellation of the dis- 
turbing forces P and Za only comes: into consideration for the lost area 
caused by the letting in of the cover, as also for the thickness of the pis- 
ton head. The covers protect the cylinders from dirt and grit. The pis- 
tons are made of tempered steel and their weight is reduced as far as 
possible. The regulating pistons of the torque meter are immediately con- 
nected with the pistons by means of circular nuts. There being no regu- 
lation of the outward flow in these gauges, no control rods are required. 

The ends of the thrust-meter cylinders, Fig..5, are also closed by covers 
and the intermediate spaces are filled with oil. It.is worthy of note that 
the compressed oil delivered through the regulating pistons is not obtained 
from the pressure oil pipes but from the pressure chamber of the adjoin- 
ing torque meter through a slot r (Fig. 6). In this way both the gauging 
systems are connected in sequence, this being rendered. possible by the 
fact that the gauging pressure in the thrust meters is constantly lower than 
in the torque meters. dikes : : 

The gauge housing can only be produced by casting owing to, its com- 
plicated external shape necessitated by the arrangement of the meters. 
Grey iron was chosen for the construction of the housing, as copper alloys 
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were out of the question owing to the urgent necessity of economy in these 
metals and if cast steel had been chosen special bushes for the pistons 
would have been necessary. In the center of the housing is an annular 
body with the teeth of the coupling at the rear end and the fitting for the 
plug in front. The two cylinders of the torque meters are fitted on the 
annular part and are strengthened by means of central ribs. In this way a 
T-shape is given to the critical cross-section for the force to be trans- 
mitted by the gauge, and is stressed in such a way that the material most 
liable to failure under tension is also compressed. 

In the case of the thrust meters the cylinders are so fitted on the central 
ribs that these form the bottoms of the thrust meter cylinders. Here also 
sufficient strength of the cross-section required to take up the forces is 
obtained by means of ribs. Rods m are provided on the cylinders of the 
torque meters to act as stops for the lugs m on the nose-piece. These 
stops come into operation when the torque becomes negative or it is re- 
quired to disconnect the dynamometer hub when oil is being fed into the 
torque meter for the regulation. The pressure oil tube is connected at ty, 
the gauging tubes at f and ts, whilst the torque meters are connected to- 
gether at ft and ¢; and the thrust meters at t and t. The meter housing 
is secured to the cone by means of an end plate provided on the annular 
part of the housing, the shaft of the hollow securing screw v being passed 
through the opening in the plate and screwed into the nut e of the hub. 
The head of the screw, provided with a locking ring w, then comes in 
contact with the end plate, securing the housing and also taking up the 
thrust of the propeller. The pitch of the thread of the hub nut is always 
higher than that of the crankshaft. 

The plug is made of phosphor bronze and is screwed on to the gauge 
housing by means of a flange and circular nut. At the same time it closes 
the inside of the housing filled with oil. 

There are three grooves inside the plug which at ts, t and ti» connect 
with small tubes leading to the points of connection t, te and ¢t; on the 
housing. The stationary plug is made of tool steel: it is pierced with 
four slots, one of which goes through the whole length. 

Copper tubes of 3 mm. inside diameter are fitted to the head of the 
plug, one of these being for the compressed oil, two transmitting the 
gauging pressure for the torque and thrust and the fourth tube being 
connected to the long slot. Oil is led through this tube to the inside of 
the gauge housing and from thence under the piston of the gauge or be- 
pom cone and hub proper. This supply of oil is regulated by means 
of a cock. 

A safety rupturing device is fitted on to the head of the plug, which 
prevents any part of the dynamometer hub from getting out of order, or 
from coming into contact with the propeller, should the plug jam. For 
this purpose the copper tubes are led through a sheath mounted on ball 
bearings and along a lever attached to this sheath. A wire of a fixed 
breaking strength—70 to 80 kg.—is stretched between the sheath and lever. 
Under the usual working conditions this wire takes up the torque of the 
plug friction. Should this friction exceed’a certain magnitude the wire 
breaks, and the tubes are cut off in the sheath and the sheath continues 
to revolve on the ball bearings with the plug: 

The plug being a new part was carefully tested whilst in use for fric- 
tional resistance, reliability of transmission of pressure, and leakage. It 
was ascertained that the torque due to friction was from 0-1 kg. to 0-25 
kg., the transmission of pressure was perfect, and under usual working 
conditions the loss of oil through leakage for each oil-tight surface 

















NOTES. 781 


amounted to 25 cub. cm./hr. when 40 is the degree of fluidity of the oil 

(according to Engler). .The total consumption of oil for the hub can be 
divided as follows :— 

Cub. Cm./Hr, 

Thrust meters ne oo 60 


Torque meters oa : : ie --- 100 
Recording instrument aide art vas 10 
Plug A aa aie ala cue 50 
Tubing (about) ... ska ik aus 30 

Total Pe ns ies eee . 250 


The tubes are led to the recording stand from the lever on the plug. 
As a rule the tubes are carried round the propeller to the engine on a 
bracket made of thin walled tubing, and from thence to. the recording 
stand. All the accessories required for the dynamometer hub-pump, air 
chamber, oil tank, oil distribution system for regilation and lubrication, 
recording instruments are fitted in a small table, easily carried on the 
machine. 

Tests with the. Dynamometer Hub.—The dynamometer hub was. first: 
of all fitted to a propeller testing apparatus driven by an electric motor 
with oscillating frame. The friction of the oscillating frame amounts to 
about 0-5 kg., and is comparatively high for low performances. With in- 
creased performance the loss incurred through the increased oscillations 
from the increased number of revolutions is not only proportionally but 
actually smaller, and with a torque of from 60 kg. to 80 kg. the loss is 
so small that no influence can be detected by ordinary means. The.electro- 
motor can be regulated to a special torque by varying the field voltage. 
This requires some practice as the practically instable frame oscillates 
constantly. 

The largest error in the measurement of thrust amounts to’+ 5 kg. In 
order to calibrate the dynamometer hub, the torque was increased by 10 
kg. from 30 kg. to 80 kg., the engine revolutions were regulated corre- 
spondingly, and the thrust was only gauged from 50 kg., as with a lower 
torque the inaccuracy is too great. The diagrams recorded during this 
calibration test are separated by about. 34-5 mm., corresponding to the 
arrangement of the recording pencils., In order to curtail any unnecessary 
length of the chart, the recording mechanism was constantly stopped 
during adjustment. ; 

According to this the error amounts on an average to about 0-5 per 
cent for the torque and 1-3 percent for the thrust measurements. As 
there is no reason why the dynamometer hub should gauge the thrust less 
accurately than the torque, the greater inaccuracy in the thrust values 
must be ascribed to the low degree of sensibility of the thrust gauging 
device on the testing apparatus. The error in the torque measurements 
must be considered very small; even if it were solely due 'to the dynamo- 
meter hub, whereas the testing apparatus and the recording instrument 
are just as much sources of error as the dynamometer hub. 

Later the dynamometer hub was mounted on an aero-engine test bench 
with oscillating frame. This system is not very suitable to calibration, 
but in this case the dynamometer hub was required to work on an aero- 
engine, that is, under the samé conditions as on an aeroplane. In spite of 
the various parts being subjected to much higher stresses the dynamometer 
hub worked in the same way as on the testing. apparatus. The engine 
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generates a torque of 80 kg., and the propeller thrust of 455 kg. The 
thrust varies slightly, the test bench being in the open near several others, 
so that wind and artificial eddies influence the propeller. 

The dynamometer hub having given satisfactory results in this test, 
it was then mounted on an aeroplane and given a test run. It was then 
especially ascertained that no new vibrations of any importance occurred 
from the dynamometer fitting. 

Knowledge Gained by Tests—The dynamometer was subjected to the 
heaviest stresses on the engine test-bench. Considerable vibrations oc- 
curred which, however, did not influence the measurements, but which so 
shook the pipe connections between the plug slide and gauge housing and 
between the pairs of gauges that they broke after 20 minutes’ to 60 min- 
utes’ run. The pipes were then partly strengthened in order to reduce the 
number of their spontaneous oscillations and partly connected together or 
soldered and well secured. No fault was found with the working of the 
cone or hub proper. Slight overheating of the plug and slide was noted. 
The safety rupturing device came into action once or twice as the plug 
fitted too closely. Each time it was successful in preventing any damage 
being done to the plug or slide, so that the plug could be removed by hand. 
Since then every plug undergoes torque tests before being fitted. 

The diagram shows that with sudden variations of the load the thrust 
varies less quickly than the torque and increases more slowly. This is a 
consequence of the inertia of the mass of the propeller and of the hub 
proper, for the acceleration of which a part of the engine performance 
proportional to the inertia must be used. The time which elapses between 
the disturbance of an existing state of equilibrium by a variation of the 
torque and the recovery of equilibrium must be taken into consideration 
when drawing up the diagram. The moment of inertia of: the rotating 
masses, t.¢., the propeller and hub proper, is used to determine this inter- 
val Tu as the torque is gauged between the hub proper and the cone. In 
the case of a 160-horsepower hub with an “Eta” propeller, it was found 
by the well-known pendulum metliod that I==0:49 kg. sec.” As the mo- 
ment of inertia of the revolving engine driving gear, including the con- 
necting rod parts* is known to be about 0-008 kg./sec.’, that is about 1-5 
per cent of the moment of inertia of the propeller; the following calcula- 
tion can also be applied to aero engines with a rigid hub. 

In the case of propellers we can write with sufficient accuracy, 
M:=m . @*, where M: is the torque’ with angular velocity 
@, and m the torque when the angular velocity equals 1 to be ascertained 
by tests. Should the torque increase to Mz, whereby the angular velocity 
can also be increased to 2, during the passage from @; to @:, with an in- 
termediate angular velocity @ and the corresponding torque M an extra 
torque is produced: 


Ma = Me—M = ™. (@7?—o?*), 
Therefore the angular acceleration at this point becomes— 





SPF (o—9) 


ood 


* Tolle, “Regelung. der Kraitmaschinen” (Regulation of power engines), 2nd 
edition, page 115. 
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If we integrate between the limits o, and w’. we obtain the time of the 


interval, 
og +o 
09—- 


Tu 

asa emasidiesie function from whence we obtain Ty = « when 0/2= 2. 

In order to obtain a standard by which .to judge of the process, a degree 
of Ireeegeurnyee must be introduced 

— 0/2 
We 
which on no account must be lower than the degree of irregularity of 
the engine. 





pene | 





Further J = is introduced as the relative alteration of 


Wg —— @) 
W2 ; 
angular velocity or of the number.of revolutions, from whence 


6 (2—e 
T= ly Tad as 


When #=0,005 and «= 0,001, the following values are obtained :— 
== '0,005 € = 0,001 





60.05, 0.1,.0.5,1 50.05, 0.1, 0.5, I 
Ta==0.9, 1.2, 2, 2.5 sec. Ta 1.6, 1.9, 2.7, 3.2 sec. 


8=1 corresponds to the starting time, ¢ = 0-005 is approximately. the 
degree of irregularity of an aero-engine. When the value is decreased by 
1/5 Ta is increased by approximately 0-7 sec., and vice versa. An accu- 
rate knowledge of the value corresponding to the degree of irregularity of 
the aero-engine is therefore not necessary.* The slower progress of the 
thrust forces, as compared to the torque, is caused by the values of Tu 
when they reach a magnitude of from 1 second to 3 seconds, as when the 
variations ot the torque occur at regular intervals shorter than Tu at the 


same time, the thrust corresponding to the maximum angular velocity . 


cannot be reached at all. 


Fig.3. DIAGRAM OF THE FIRST TEST IN THE AIR. ¢\Gatienhrs Ree Raion 


i 


*For accurate determination, see Tolle’s “ Regelung,” &e., and Kolsch, “ Gleich- 
gang und Massenkrafte bei Fahr- und Flugzeugmaschinen” (Regularity and forces 
of the masses. in; ship and aero-engines). 
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Flying Tests——After these preliminary tests were completed, the first 
dynamometer was mounted on a Rumpler C. II machine for the carrying 
out of tests during flight. 

In the case of the instrument used the slip of paper moved at a speed 
of 10 mm./sec., and the instrument was fitted with two pencils set 34-5 mm. 
apart, the range of each pencil being 30 mm. 

The first flying test was carried out on November 7, 1916, in clear and 
calm weather. It lasted about 15 minutes, and a height of 800 m. was 
attained. The results are shown in Fig. 9, shortened’ to scale (with the 
exception of the stationary test). The whole of the torque curve resulted 
in a heavy line, as the pencil also recorded the torque impulses of the 
engine in part. Before the flight a short test run a was carried out with 
n= 1,000 revolutions per minute, and also at full throttle. 

On the engine being throttled down at the start with the dynamometer 
hub “locked,” the torque curve rose to the maximum height the instru- 
ment is capable. of recording. On the dynamometer hub being switched 
on to the gauging position as the aeroplane left the ground, a rise in both 
curves at (b) was recorded. As the value of the thrust rose to its max- 
imum, where it remained, the thrust curve rose, but fell to a fixed level 
as the speed was increased. Both values decreased with increasing alti- 
tude. On the engine being switched off as the machine went over into a 
gliding flight a sudden fall in the curves at (c) was recorded. When 
near the ground the throttle was opened out again, and then the engine 
cut out again. The result is clearly visible in the diagram. The diagram 
obtained from a flying test carried out on April 3, 1917, a gusty day, is 
reproduced in Fig: 10. In this case the speed of the aeroplane was also 
obtained by means of a pressure disc.* The diagram shows clearly the 
influence of the various gusts in the thrust, from which the importance of 
obtaining a record of the speed of the aeroplane can be realized.—“ Engi- 
neering.” 


SOME EXPERIMENTAL WORK IN CONNECTION WITH 
DIESEL ENGINES.t 


By Engineer-Commander C. J. Hawkes, R.N. (ret.) Member. 


The object of this paper is to place before the members of the Institu- 
tion an outline of the experimental work carried out at the Admiralty 
Engineering Laboratory in connection with internal-combustion engines 
for naval purposes, with special reference to the design and performance 
of a single-cylinder engine of comparatively large power. —~ 

In 1916, as the result of the representations of the Board of Invention 
and Research, it was decided to establish an engineering laboratory on a 
small scale, the work, at first, to be confined to experiments with internal- 
combustion. engines. A portion of the Goldsmiths’ Company’s extension 
of the City and Guilds Engineering College, South Kensington, was kindly 
placed at the disposal of: the Admiralty by the Delegacy of the college, 
and the premises were taken over in January, 1917. Arrangements were 
at once made to get a small designing and testing staff together, erect the 





* Hoff. New recording instruments for measurements of forces and ascertainment 
of tensile strength of bracing wires during flight. Zeitschrift fiir Flugtechnik, &c. 
1914—pages 21, 149. 

¢tPaper read before the Institution of Naval Architects, July 8, 1920. 
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necessary spare machines and design and obtain experimental plant 
and engines.. Sir Dugald Clerk was, appointed Director of Engineering 
Research, a position which he*held until February, 1918. 

The question of the material and design of pistons of submarine oil en- 
gines was referred to the Board of Invention by the engineer-in-chief of 
the Navy and the matter was first considered at a meeting of the Inter- 
nal-Combustion Engines Sub-Committee on November 29, 1915. | The- 
author was secretary of this sub-committee. It was decided to construct 
a single-cylinder oil engine for experimental purposes, utilizing, so far 
as possible, the parts of a standard submarine engine, in order to save 
time and also to keep down the cost. The drawings of the piston, con- 
necting rod, bedplate and other parts not of the standard design were 
made at the Board of Invention, and the engine was constructed and 
erected at the works of Messrs, Ruston and Hornsby, Lincoln. The en- 
gine was first run without load on July 17, 1916. 

Several designs of pistons were considered by the sub-committee, in- 
cluding pistons of aluminium alloy in two pieces and also pistons having 
aluminium. alloy heads and suitably lightened bronze or cast-iron skirts. 
Eventually it was decided to commence the experiments with a piston of 
aluminium alloy and, in order to keep down the weight of the piston, a 
comparatively low copper content was decided upon. It was uncertain 
whether this piston would stand up to its work for any length of time, 
especially having in view the composition of the aluminium alloy then 
being recommended for pistons of aircraft engines, but it is interesting to 
note that the original piston is still in use and it has been run for a con- 
siderable time at comparatively high speeds and high mean pressures. 

The trunk piston was divided at the gudgeon-pin center and the two 
top-end bearings were carried between its upper.and lower portions—the 
gudgeon pin, to facilitate dismantling, being at first made a driving. fit 
into the eye of the connecting rod. This design followed a suggestion 
which was put forward some years before in connection with ordinary 
cast-iron pistons, with the object of obtaining a slightly greater gudgeon 
pin bearing surface.. The top-end brasses, which were lined with white 
metal, were not adjustable. Lubrication was effected by forced feed from 
the crankshaft through the. center of the connecting rod and thence 
through channels in the hollow gudgeon pin to the bearings. The bear- 
ings were held in position by steel end plates. Six cast-iron piston rings 
were fitted in addition to a scraper ring, but, with the object of reducing 
the possible wear of the piston grooves, the width of the working faces of 
the rings were made %4 inch, as compared with 3% inch in the standard 
cast-iron pistons. Aluminium guards were fitted on the lines of the 
standard submarine engines in order to prevent lubricating oil, either 
from’ the top-end bearings or splash from the crank, finding its way to the 
walls of the cylinder liner. Splash guards were also fitted over the crank 
webs, The connecting rod was made of 30 tons to 35 tons steel and was 
of I-section—the connecting rods of standard submarine engines being of 
round section. 

The diameter of the cylinder of this engine (which, for convenience, is 
known as the “ Unit” engine) is 1414 inches, sttoke 15 inches, and of 100 
nominal brake horsepower at 380 revolutions per minute, Other parts of 
the engine need no special mention, as they followed Messrs. Vickers’ 
standard design, a full description of which has already been given in 
several technical publications. Solid ‘injection was first used in this .en- 
gine, but, later, air injection was fitted for experiments with a modified 
type of air-injection valve. 
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After the engine had been running at the full nominal load for some 
considerable time it was opened up for examination. It was found that 
the gudgeon pin was slightly slack in the connecting rod and it was de- 
cided, therefore, to modify the skirt portion of the piston so that it would 
pass over the foot of the rod for dismantling and thus permit a “ shrunk 
in” gudgeon pin to be fitted. 

When these modifications had been carried: out the engine was trans- 
ferred from Lincoln to the Admiralty Engineering Laboratory and the 
trials were continued in September, 1917. The engine was run at or above 
100 brake horsepower at revolutions from 380 to 500 per minute and at 
mean pressures from 100 pounds to 140 pounds per square inch, and it 
was not opened out for examination again until July, 1918. It was then 
found that the piston was in good condition but the white metal of the 
gudgeon. brasses had worn slightly. It appeared evident that this’ wear 
was largely due to the fact that the oil grooves had not been cut exactly 
in accordance with the instructions on the drawing, and this resulted in 
reducing the supply of lubricant to the grooves. It was also found that 
the brasses had hammered very slightly into the aluminium body of the 
piston and there was evidence that the side clearances between the con- 
necting rod and the brasses were insufficient. 

It was decided to bore the eyes of the piston larger, make new brasses of 
correspondingly greater thickness, with flanges at each end, and to fit 
more substantial keys to prevent the brasses turning in the piston—as the 
small keys originally fitted were found to be slack. The experiments have 
been continued since August, 1918, at mean indicated pressures up to 140 
pounds per square inch, but it has not been necessary to make any further 
modifications to the piston. Whenever the piston has been dismantled it 
has been found in good condition, and careful gauging has’ shown that 
there is no appreciable wear either in the body of the piston or in the 
grooves—and, so far, there is no indication of “growth.” The cast-iron 
cylinder liner is in excellent condition. 

The weights of the aluminium alloy piston and I-section connecting rod 
of the experimental engine are appreciably less than the weights of the 
corresponding parts of the standard submarine engine, with the result that 
the inertia forces in the former at 500 revolutions per minute are approx- 
imately the same as in the latter when running at 380 revolutions per 
minute. The comparative weights of the reciprocating and rotating parts 
. the experimental cylinder and the standard engines are shown in 

able I. 

With the particulars given in the following Table the mean pressures on 
the various bearings throughout’the cycle, at 380 revolutions per minute, 
were obtained for each engine and the results are shown in Table II. 

It will be seen, as would be expected, that there is a considerable re- 
duction in the mean total loadings of the bearings due to the use of the 
aluminium alloy piston and lighter connecting rod and, as the mean rub- 
bing velocities of the various bearings are the same for both engines at 
380 revolutions per minute, this reduction is a measure of the increase in 
the mechanical efficiency of the experimental engine as compared with the 
mechanical efficiency of the standard engine. This increase in mechanical 
efficiency would appear to be of the order of 2 per cent. 

The coefficient of linear expansion and the thermal conductivity are 
greater for aluminium than for cast-iron and, in the absence of informa- 
tion so far as large engines were concerned, it was difficult in the design 
stage to decide on the clearances which should be provided between: the 
aluminium alloy piston and the liner. It was essential that the clearances 
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TaBLE I.—Comparison of Weights of Pistons and Con- 
necting Rods in Experimental and Standard Submarine 


























Engines. 
- | Standard 
—_ mental | Submarine 
Engine. Engine. 
in. in, 

, Cylinder diameter a ee 144 143 
Length of stroke .. ae bs 15 15 
Fee cag eng per minu 

it of piston, with rings, bushes (in 
he case of experimental engine), Ib. Ib. 
guards, &c. R 213 890 
Weight of con necting rod, with 
in and Tage end end bearing an 
BE Bed ab rates a 200 423 
weig es two- 
“thirds we ce oe 
palm.end).. -| 810 560 
Rotating weights (includes palm end ast 
~ one-third weight of connecting rod) .. 193 253 
“TABLE II.—Mean Total Bearing Pressures throughout. 
Cycle in Pounds. 
Gudgeon |. Crank linder | Main 
Engine. Pin. Pin. iner. [{Bearings. 
Experimental engine 12,320 16,200 1,420 16,200 
Standard engine 15,250 20,260 1,840 20,260 
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should not be greater than were actually necessary, and eventually it was 
decided to make the clearances similar to those usual with cast-iron in 
Diesel engines and to note the results. When the engine was first started, 
and after the engine had been running: at a small-load for some time, the 
piston seized. The piston was removed and examined, and it was found 
that it had been in contact with the liner-over nearly the whole of its 
surface and the metal was scored slightly. The piston was therefore 
“draw filed” and replaced, and the engine again put on load. At the 
higher loads there was a slight seizure and again the body of the piston 
was filed where it had been bearing hard on the liner. Since that time, 
although the engine has been running at high speeds, &c., no further seiz- 
ures have taken place. From the experience gained it may be taken that 
the clearances required with an aluminium alloy piston should be about 
50 per cent greater than the clearances necessary with a cast-iron piston. 
Should a cast-iron piston seize it generally results in damaging the liner 
as well as the piston, but in the case of the aluminium alloy piston it was 
found that a seizure did not damage the surface of the liner in any way. 
Further, it was found that as soon as the engine had cooled down slightly 
after a seizure the aluminium piston was quite free. 

There is no doubt, so far as present experience is concerned, that 
aluminium alloy pistons, although slightly greater in first cost, have many 
advantages over cast-iron pistons. Further experience will shortly be 
avialable as to their behavior under actual service conditions and it will 
then be possible to decide whether their extended use for submarines is 
justified. In the meantime other Admiralty experimental engines, includ- 
ing the two-stroke cycle type, have been or are to be fitted with pistons 
of aluminium alloy for further test. 

In view of the results obtained with the “ Unit” engine it was decided, 
when the engine had been transferred from Lincoln to the Admiralty 
Engineering Laboratory, further to test the capacity of the piston to 
withstand higher mean pressures by supercharging and also to run at 
higher speeds. The two methods of supercharging considered were (1) 
to compress to the supercharging pressures the whole of the air required 
by the engine by means of a blower or pump, the air passing through the 
induction valve, or (2) to allow the engine to draw air from the atmos- 
phere through the induction valve in the ordinary way and to add at or 
about the commencement of compression the additional air for supercharg- 
ing through ports uncovered by the piston or through an additional valve 
in or near the cylinder head. The alternatives were fully considered, but 
as the principal object at that time was to test the aluminium alloy piston 
it was decided to adopt (1) as it did not involve any structural alterations 
to the engine. It was consequently arranged to compress to the super- 
charging pressure the whole of the air required by the engine by means 
of a standard Roots blower, driven by belt from an electric motor. The 
blower delivered air under pressure to a reservoir, which was fitted with a 
combined relief. and pressure regulating valve, so that the supercharging 
air could be adjusted to any predetermined pressure within the capacity of 
the blower. A three-way cock was fitted in the induction pipe so that 
the engine could take its supply of air either from the atmosphere or 
from the reservoir. This arrangement gave no trouble, but it was found 
that the temperature of the air delivered at 3 pounds or 4 pounds pressure 
after a time rose appreciably and a water-jacket was therefore fitted to 
the blower. 

Tests were then carried out with and without supercharging at various 
speeds up to 500 revolutions per minute, using the maximum quantity of 
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fuel oit delivered by the fuel pump. A six-hole sprayer was necessary at 
the higher speeds and the pressure in the solid injection system was main- 
tained, as nearly as possible, at 4,000 pounds per square inch by adjusting 
the fuel valve roller clearance—thus varying both the lift and period of 
opening of the fuel valve. \ Further, the compression pressure was 380 
pounds per square inch and the average initial or maximum pressure was 
kept at about 630 pounds per square inch by adjusting the timing gear as 
necessary for each test. The same brand of fuel oil was used throughout, 
viz., heavy shale oil oft specific gravity 0-86 at 60 degrees F. The quantity 
and rise in temperature of the cooling water to the jacket, cylinder cover 
and exhaust valve were measured. 

During 'the tests the blower was run at its lowest speed but the amount 
of air delivered was in excess of that required at all engine speeds. A 
calculation had to be made, therefore, based on the curves of output and 
power furnished by the makers of the blower, in order to obtain the 
power required to supply the air actually used in the engine. The blower 
was not very efficient and the calculated power required to supply the 
supercharging air were known to be in excess of those which would be 
necessary in practice. The results obtained during the 500 revolutions per 
minute series of tests which were run with supercharging pressures corre- 
sponding to 0 inch, 2 inches, 4 inches, 6 inches, and 8 inches of mercu 
(as measured by a mercury gauge in communication with the caurvoirt 
are shown graphically in Fig. 1. The fuel.consumption per brake horse- 
power hour inclusive of the blower are estimated. Each trial was of 1144 
hours’ duration. : 

Although the powers developed during the tests were limited by the 
capacity of the fuel pump, the results obtained could not be regarded as 
satisfactory. The exhaust was not clear during any test and it was evi- 
dent that it was necessary either to make some alteration to the fuel 
sprayer or to adopt a different system of fuel injection. It was therefore 
decided that no good purpose would be served by continuing these tests 
and it was consequently arranged to experiment with the fuel-injection 
system and to defer the supercharging tests until a later date. 

Better results, both as rds power and fuel consumption, would have 
been obtained by running these tests at higher initial pressures, but it was 
desirable, at least for the present, to limit the maximum pressure to that 
usually worked to on service. The results could also have been improved 
by using a higher fuel pressure.in the solid injection system but, again, it 
was considered advisable at. that stage, and with the fittings then in use, 
to limit the pressure to 4,000 pounds per square inch. During the later 
tests diagrams were taken from, the. fuel system with the object of:ascer- 
taining the variation of pressure during the cycle. For this purpose an 
ordinary. hydraulic indicator was used, but as the fuel oil was found to 
leak,..past.the piston a U-pipe connection was made to the indicator and 
filled with heavy. oil—so: that the heavy. oil was in contact with the piston. 
This overcame the difficulty and it: is considered that reliable records of 
the variation in pressure were obtained. It was found that with a gauge 
pressure.of 4,000 pounds per square inch in the fuel system, with the en- 
gine running, at 420 revolutions per, minute, the maximum pressure. was 
4,560.pounds and the minimum pressure 3,400 pounds per square. inch. 

The exhaust pipe outlet to the atmosphere is some considerable dis- 
tance from. the engine and for convenience it has been arranged to spray 
water. into. the first of the two silencers fitted.and to note the color of the 
discharge,.from the silencer. drain by passing it over a plate of glass 
painted white on its inner side. It has been found that this method is 
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very -sensitive.and can always be relied: upon to give a true indication of 
the color of the exhaust, This method has also been used successfully for 
other, experimental. engines. 

The indicator~rig originally, fitted to this engine was. considered to be 
unsatisfactory. and,a-new gear was fitted; an. arrangement of, which ‘is 
shown. in-Fig. 2. It will be seen that a steel tape, 0-006 inch) in 'thick- 





ness, has one end connected to the piston and the other end connected: to 
the rim of an,aliminum wheel, which is mounted on a small shaft car- 
ried in’ a brackét attached to the engine framing, This tape ‘passes ‘ovet 
a ball-bearing ‘pulley 114 inches in diameter: ~The’ shaft ‘carrying ‘the’ 
aluminium wheel also ‘carries the pulleys to which the tension springs ‘are 
corinected ahd the pulley from which the ‘indicator tape is taken. ‘By this 
means ‘a true copy of the movement of the piston can be obtained.’ Some 
difficulties ‘were experiencéd in connection with the tensién springs and 
the tape fastenings but by running thé whole 'of the gear in’ thé ‘open by 
an eléctric motor, so that all parts were under observation, these difficulties 
were readily overcome. Various minor’ alterations’ were made later, but 
the principle of the gear has remained the same; “A “photograph: of the 
gear attached to the “ Unit” engine is shown in Fig. 3. Since that time a 
large number of strands.of rubber have been successfully’ used in place 


of the tension springs. ~ iia 
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Fic. 5.—EXPERIMENTAIL, DIESEL ENGINE CONSTRUCTED AT CHATHAM 
DOCKYARD. 
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It-may: be interesting to-mention; in: connection with the: “ Unit” engine, 
that an obturator ring has been fitted: to the piston since August, 1918, and 
has given fairly: satisfactory results, .The use of the obturator ring for 
Diesel -engines:: was! brought to notice by Messrs. The! Engineering and 
Are Lamps, Limited, of Sti Albans; as a numberof experiments; had al- 
ready been carried out inan/engine at/the St. Albans Electtic’ Power Sta- 
tion, and. very. Promising. results obtained. The’ top of :the: cylinder diner 
of the power: station engine was worn to! the extent:of nearly 44-inch: on 
the diameter and! the life of the phosphor -bronze) obturator ring under 
these severe: conditions: was.about:300 hours.::The general condition’ of the 
liner, however, was such that the ordinary type:of:cast-iron ring could! not 
be used and the fitting of the obturator ring; although: its life was.com- 
paratively short, certainly enabled the engine to be run. 

In the St. aA tbang, engine..the Allin the three ,castyiron, piston rings were 

“pegged in” for the burpose of fi grooves, an obturator ring of 
1-section, and about‘1/5 ‘mm. in ‘thic Ae SAE Rtted i in the fourth groove, 
and the three remaining worn rings, below the obturator ring, were re- 
tained unaltered. An appréciable clearance was provided between the 
edge of thesobturator ring and) the groove itt which “it was fitted. The 
question of the gas pressure behind the obturator ®ring during the cycle 
was discussed with the firm’s representatives: and\it ‘was suggested to 
them that it/would perhaps be an advantage ‘to. fit‘a cast-iron ring in the 
top groove of the piston in order to protect. the ‘obturator | ring from the 
hot gases. Later, when it was dedded to: fit’; ~an obturator ring to the 
“Unit” engibe for experiment, provision was ‘made: ‘for a cast-iron pro- 
tection ring’ designed to give a radial. pressure*of about 1 pound per 
square inch: Further, the~clearance between é edge of the obturator 
ring and its groove was reduced to 0-002 inch—as by this means it was 
considered that,.the pressure behind’ the ring would, by wire-drawing, be 
reduced to a minimum, _ 

The arran ement of the L-sectioned” obtur: tor ring in the “ Unit” pis- 
in Fig. 4. The pate used is.phosphor bronze and the 
peureted — silver soldered 





















filling ring Pet phe in halvés. Spigoted width being 
such that i allows of ip ov 8 ‘ a ator ring. 
When thé obturator ring was fitted to the : the compres- 
sion ratio was~increased;-as“it-was: ur nC he ring would be 
gastight when starting up. Lathe, weve! on was reduced 
again to 380 -per_square inch inute. When 
the engine was-first_run with the of % .for about 15 
minutes aftef starting, an appreciable. tian tityo gas pas’ ed the piston 
into the crank-case—which would b Hionable feature so far as 
its use for s is conceé! e ring was removed and 


eased slightly to-give it more freedom, A 
the ring wefe in contact with the’ F and ts surface was therefore 
smoothed upias necessary.and 11 slots; 1/88nd Of aninch deep and 1/16th 
of an inch wide, were fitted, as shown in Fig. 4. At the same time the 

cléarance. ; between - the, edge of. the ring,and: the piston :groove was’ in- 
creased; from 0-002, inch to 0-003-inch,; These slight modifications resulted 
ina, distinct improvement, and, the ring; worked:'satis factorily with «mean 
indicated »pressures'-up to 140, pounds:per squaresinch. No:leakagewas 
apparent although the maximum compression pressute was veryslightly 
less:than that previously obtained! with the ‘fullinumber of cast-iron! rings 
‘with the same;compression ratio, im use: There was-a very decided knock 
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in the piston atthe end of the compression stroke and after running for 
a total of about 30 hours it was decided to examine the’ piston and 
obturator ring. The obturator ring was found to be quite free and bear- 
ing generally and there was no measurable wear. The ring was there- 
fore reptaced and, in view of the previous knocking of the piston, two 
additional light cast-iron rings were fitted below the obturator ring. 
These additional rings, which were intended to act as “ buffer” rings, prac- 
tically cured the knocking, but they must add slightly to the piston friction 
of the engine. It is probable that this knocking could have been avoided 
by reducing the piston clearance, but nothing could, of course, be done 
with the existing piston; neither was it desirable in view of running the 
engine at comparatively high mean pressures. 


Fig.4. UNIT ENGINE. ARRANGEMENT OF 
OBTURATOR RINGS IN PISTON 
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After running for about 150‘hours at various powers the obturator ring 
was again measured and the wear appeared to be about 0-001 inch, whilst 
the maximum wear in the:groove of the piston when gauged was found 
to be 0-008 inch. So far the obturator ring is promising, but it has been 
‘tested under very favorable’ ‘conditions, and’ further experience is neces- 
sary before any recommendations could be-made in regard to its general 
use in ‘service engines.’ The original ring is still fitted in the engine; but’ 
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there has been no opportunity to ascertain the actual reduction in piston 
friction resulting from its use. There is no doubt; however, that the en- 
gine is more free than formerly and its mechanical efficiency has been 
slightly increased. It is not known whether any experiments have been 
made to ascertain whether obturator rings would work satisfactorily when 
- running over ports, such as those fitted in two-stroke cycle engines, but it 
is probable that this will be tried at the laboratory at a later. date. 

Very good results have been obtained with the “ Unit” engine both with 
the solid and with the air injection systems, Instructions were received 
to carry out experiments with the object of reducing the tendency of the 
standard engines to smoke when using solid injection. A large number 
of tests were made, which cannot be referred to in detail here, and even- 
tually smokeless combustion was obtained with the “ Unit” engine at all 
powers from 100 brake horsepower to 25 brake horsepower, and the con- 
sumption of fuel oil at 100 brake horsepower and 380 revolutions per 
minute was just under 0-4 .pound per brake horsepower hour... Having 
in view the fact that the tests were carried out with a single-cylinder en- 
gine, fitted with a camshaft driving mechanism designed for a multi-cylin- 
der engine, this figure for consumption is remarkably good. The fuel 
used was shale oil having a specific gravity of 0-86 at 60 degrees F. Dur- 
ing all these tests the fuel oil was very. carefully measured, and it may be 
mentioned that during a 6 hours’ continuous test the variation in the con- 
sumption, recorded half hourly, was under 1 per cent. The “Unit” en- 
gine is coupled to a standard Heenan and Froude dynamometer for ab- 
sorbing the power. . 

Tests were made with the above engine when using: air-injection and 
the fuel consumption at 100 brake horsepower, after making ‘the neces- 
sary allowance for the power required to drive the air compressor, was 
practically the same as the fuel consumption when using: solid injection... 

Early in 1918, several British firms were asked to produce designs of 
single-cylinder experimental engines of from 300 brake horsepower to 400 
brake horsepower, and one of these engines is now approaching comple- 
tion. At about the same time a preliminary design for an. experimental 
four-stroke single-cylinder engine of about-300 brake horsepower was pre- 
pared by the Admiralty Engineering Laboratory and instructions were 
received to proceed with the working drawings on May 1, 1918, Photo- 
graphs of the engine, which was constructed at Chatham, are shown in 
Figs. 5 and 6. Owing to space requirements it was eventually decided. to 
design a square engine, 20 inches diameter by. 20 inches stroke, developing 
its full power at 390 revolutions per minute: The piston. speed aimed at 
was, therefore, 1,300 feet per minute—which was an/advance on previous 
practice. Although all the drawings were completed before any informa- 
tion was available as to the’ German designs it is interesting to note that 
the principal’ dimensions of the laboratory engine’ correspond closely with 
the dimensions of the German engines—the cylinder diameter of the latter 
being’ 20-8 inches, stroke 20-8 inches, and developing approximately 300 
brake horsepower at 380 revolutions per minute. 

The fitst point considered during the preliminary: design ' stage, after 
fixing the cylinder diameter, &c., was the type of framing, to be 
After full consideration of the various types it’ was: decided, having in 
view stiffness of structure as well as weight, to adopt: the steel column 
principlethe casting being of box form as: shown in Figs. 5 and 6, For 
a multi-cylinder engine ‘this framing “should: prove ‘both rigid. and com- 
paratively light. Although’ it was intended that the framing fora multi- 
cylinder engine should be of cast steel’ it: was decided, in order to. get 
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quick; delivery:and to keep ‘down the cost, to:make the framing:of the 
single ‘cylinder of cast-iron—the scantlings being slightly increased over 
those necessary. with steel:~ It may be mentioned ‘that, with the excep- 
tion of the: moving parts, :cylinder cover, ‘fuel valve and a few minor fit- 
tings, parts which were intended to be made of aluminum or cast steel in 
a complete engine were in this instance :»made of cast-iron: ; 

A water-cooled cast-steel: sandwich plate, carrying the liner,is secured 
to: the top ofthe column and the cast-steel: cylinder head is in turn: fitted 
to the sandwich plate—the studs for securing the head passing through 
the sandwich ‘plate to the column:: ‘The liner now in use is‘made of close: 
grained cast-iron, but ‘liners of special: steel will be: fitted: for experiment 
later: At the‘lower end of the ‘liner the water joint with: the: thin’ sheet 
steel water'jackét is made by rubber rings ini the usual way. The upper 
part of the water jacket isshoused in ‘the sandwich :plate in sucha manner 
that the pitch of the cover’studs is reduced to a minimum: The bedplate 
is ‘of cast-iron arranged for convenience to embody: the lubricating: oil 
pump: ‘The dubricating: oil pump, driven by an’ eccentric on an extension 
of the ‘crankshaft and housed within the crank chamber, is of the Brother- 
hood ‘valveless type. gt 9 ; 

The cratikshaft ‘is of ordinary 30-tons to 35-tons’ steel, and is:fitted with 
cast-steel balance weights, lead ‘filled. The connecting rod is of I-séction, 
of 30 tons to’'35 tons’ steel; with the corners of the palm ‘end ‘cut away, 
and td’ suit the piston-cooling ‘gear the’ length between centers was made 
4-9 cranks.’ The’ ‘large-end bearing ‘is ‘of cast ‘steel, _ filled with white 
metal. The hollow gudgeon pin, of Ubas steel, is shrunk into the’ connect- 
ing rod: °°The ‘aluminum ‘alloy’ piston closely followed ‘the: design adopted 
for the’ “ Unit” ‘engine previously: described.’ In view of the results ob- 
tained ‘with the “ anit’ piston it:was thought that the 20 inch piston would 
probably ‘run ‘satisfactorily without any special: means of cooling. As 
theré was, however, a doubt about this it was decided to arrange for oil 
cooling,’ and the system ‘adopted followed the lines of that fitted by 
Messrs: Salzer. A*separate motor-driven pump and cooler are: provided 
for the’ piston‘cooling ‘oil... The recess in the head of the piston is hem- 
ispherical:° There ‘were two reasons for this;:viz., that. the: hemispherical 
recess resulted¢in a*tombustion chamber: of good form which would prob- 
ably facilitate combustion, and*also that by: adopting this shape.in the 
design’ of an*experimental engine it enabled pistons having heads of other 
shapes’ to be fitted’ for experiment at'a later date, if considered, necessary, 
without any structural alterations:: ‘The adoption ofthis shape. of piston 
head’ adds several inches to the overall height of the engine, but it is con- 
sidered that itis. justified—especially in the case ofan experimental, engine. 

The ¢ast+steel cylinder cover, or head, was madeias simple and as light 
as possible consistent with: stiffness, and care was taken to avoid, where 
possible, al? straight ribbing, Air and exhaust passages.are not embodied 
in the “cover. ‘The ‘fuel*valve housing, which: is amply cooled,.connects the 
top and bottom ‘flanges®of the cover and completely. surrounds the fuel 
valve casing. ‘The housings’ for the air and exhaust valve boxes, which 
form curved ‘ribs: between:the: top and bottont flanges of the cover, do not 
cornpletely’ surround: the: valve boxes so that the latier are. directly in con- 
tact’ ‘with the cooling water..; Four large cleaning doors are. provided in 
the’ sides°6f the’ cover; ‘By this design a,comparatively simple,casting is 
obtained’ and, although a ‘considerably reduced.depth of cover, results 
from the air and’ exhaust valve passages not being, embodied. in.the, cast- 
ing) So far as cativbe seem the ‘cover: is stiff enough for all practical ,pur- 
poses'_in’ fact, it maybe definitely stated that even when working. at high 
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speeds ’and high mean pressures ‘it is at least’as ‘stiff as the cast-steel covers 
fitted to the standard submaritie engines and which have given practically 
no trouble on service. The water service is’ taken’ from the town’s main, 
Cooling’ ‘water enters ‘the jacket at two’ points and passes ‘into the cover 
and the exhaust ‘valve box. ‘The ‘sandwich plate is ‘séparately cooled. 

It'-was ‘considered from the point of view of quiet running that’ skew 
gears were preferable to spur or bevel drives. Skew gears were there- 
fore adopted, and as it was desired to’arrange for an enclosed cam-case, 
and at the same time to be in a position to remove the cylinder cover with-. 
out dismantling the valve-actuating gear, ptshrods and short levers were 
used as shown in Figs. 5 and 6. It may be mentioned that this gear is 
very quiet in operation. The air and exhaust valve boxes, which in the ex- 
perimental engine are of cast-iron, are in two parts—the lower parts hav- 
ing respectively the-inlet and -exhaust.-ports cast-in-them and the upper 
parts or spring boxes carrying the fulerum brackets.. The air and ex- 
haust valve boxes are secured to the ‘cylinder cover by three studs—cop- 
per rings being used for making the joints.. Since this gear was designed 
a slight rearrangement ‘has been made which.results in reducing the 
head room required by about 6 inches. The exhaust valve and box are 
water cooled. The airand exhaust valves are of nickel steel and the 
cams of steel, hardened and ground. 

In high-speed engines it is ‘considered advisable that rovision should be 
made for readily adjusting the sient of the fuel val es—as is adopted 
in the Vicker’s standard engines; In- the -case -of-thev'experimental en- 
gine, in order that the timing of the-fuel valve can be varied slightly, the 
fuel cam is mounted on a slideable boss/> By-the use of helical splines 
the position of the fuel cam_in. relation “tothe camshaft can be altered 
within the lintits of movement of the slideable.boss by. means of the small 
hand wheel shown in Fig;-5-—connected to the slideable boss by a system 
of levers and=tods. The large wheet-is:the maneuvering wheel. It was 
the original intent ion to fit a special fuel valve to the-experimental engine, 
but, owing to‘delay in connection with other experiments, it was decided 
to utilize for She preliminary tests a fuel valve which. did. not differ in 
any marked degree froti- the! ord -ait-injection type: 

The fuel pump is of thé ‘ordina ary . iesel type, but pat. it if iC defiened to deal 
with pressures*up ‘to 6,000 per. solid” injec- 
tion can be employed-at a later, date if yates pe ie of fuel 
pumped is regulated by means of the-fuel- panies valvé in the usual 

_ Manner, through suitable levers connected to the man vering gear. The 
operation of starting, &e., i is very similar to that ado ated iri many other 
engines and requires na»special’ description. “Thereé*is a mechanically- 
operated starting control valvesand\anqautdmatic startitig valve on the 
cylinder head—the water-cooled box containing the automatic valve being 
also utilized for: accommodating the relief valve and: indicator connection, 
so'that only one’ hole! in the! cover is mecessary for these: fittings. The 
engine is not reversible. No difficulties are, however, anticipated. in 'con- 
nection: with’ the ‘fitting of the reversing mechanism to: a'multi-cylinder 
engine—in fact; the drawings have already. been completed. The: revers- 

ing mechanism is one of the simple problems in Diesel: design, and there 
ist no doubt that this part of a:marine engine has given: the Jeast trouble, 
except*inone or two cases where’ the gear was: unsuitable: for sea-going 
conditions. “A °Ruston standard governor ‘is ‘fitted on the vertical shaft ‘and 
arranged ‘to cut off the fuel supply: when the ennine a iswons a gti of 
about 420! revolutions per ‘minute. 
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The fulcrums for the compound fuel; valve actuating. levers are.carried 
by .a separate casting secured to the cylinder cover—so that there is no 
fulcrum. bracket. attached to. the fuel valve casing. When the. fuel.supply 
is altered the lift of the fuel.valve is also modified slightly. The lift of 
the fuel valve can also. be adjusted independently by means of a separate 
hand-control gear carried on one of the camshaft brackets—but, this is 
intended only for experimental purposes and. need not. be embodied in 
a multi-cylinder engine. A cast-steel flywheel, giving a cyclic irregularity 
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of about 1/35, is fitted so that a high peripheral speed can be safely em- 
pear Holes are provided in the rim of the flywheel for taking a turn- 
ing bar. ‘ 

Forced lubrication is employed throughout. The cylinder liner and ex- 
haust valve spindle are lubricated by a mechanical lubricator, ‘The indi- 
cator gear is of similar design to that already described, and, following 
the practice: adopted in the case of other: engines,: separate gears are fitted 
for taking combustion and: fuel: valve lift diagrams. .It was originally in- 
tended that: the air compressor should be. driven by the engine but it was 
eventually decided, in view of future work, to drive it independently. The 
power developed by the engine is absorbed: by .a Heenan and Froude 
dynamometer. The fuel consumption is measured by weighing the 
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amount of fuel consumed by the engine, a weighing machine ae a’ fuel 
tank having the usual narrow neck, in which a point gauge is fitted, being 
used for the purpose. Other. points in connection with this engine require 
no special reference as they generally follow the ordinary accepted. prac- 
tice. It might be mentioned, however, that in a. completed engine 
aluminium would be made use of as far as possible, although it would 
not be proposed at this stage to utilize any special steels. 

The engine was first started on fuel on October 28 of last year, and 
short runs were made, using Texas fuel oil, at 250 revolutions per minute, 
the maximum compression pressure with a compression. ratio of 13:15 
being 475 pounds per square inch. During these runs no oil was used for 
cooling the piston. When the piston was examined it was found to be 
in excellent condition, and it showed an even bed on the liner and it was 
therefore replaced. The.speed and power of the engine were then grad- 
ually increased to 350 sbpigeny our per minute and 200 brake horsepower, 
There were no mechanical difficulties at this speed but it was. found that 
the resistance in the fuel valve to the passage of air and fuel was too-great 
and a number of pulverizer washers were consequently removed... This 
modification enabled 168 brake horsepower to be developed. at 300 revolu- 
tions per minute, but the quantity of pulverizing air used was still insuf- 
ficient—in fact, the fuel valve was working as a very inefficient solid in- 
jection valve—and the fuel consumption was 0-6 pound per brake horse- 
power hour. 

The fuel valve of this engine, as in the case of the air-injection valve 
fitted to the engine previously described, was provided with a distributor 
containing a large number of small holes. so that the air sprays corre- 
sponding to each hole could be directed into the combustion chamber in 
any predetermined direction. This is essential for engines running at high 
speeds and’ with comparatively high mean pressures, and it is interesting 
to note that the fuel valves of the German submarine engines are fitted 
with multiple hole distributors and other firms have also recently adopted 
this as standard practice. 

In view of the resistance in the fuel valve of the experimental engine 
it was decided to remove all the pulverizer washers and to replace the 
distributor by one having a small number of larger holes, as it was de- 
sired to limit the pressure of the blast air to 1,000 pounds per square inch 
when the engine was developing its full output This alteration resulted 
in 168 brake horsepower being developed at 300 revolutions per minute 
with a fuel consumption of 0-35 pound per brake horsepower hour—a 
matked improvement on the result previously obtained. This figure for 
consumption does not include the power required to drive the air com- 
pressor. 

At this stage the revolutions of the engine had to be limited to 300 rev- 
olutions per minute, and the running generally was considerably restricted 
owing to complaints i in regard to vibration. On a few occasions, however, 
before the speed was limited the engine had been run at its rated speed 
with no signs of trouble.” It might be mentioned that whilst the balance 
weights attached to the cranks reduce the magnitude of the vertical unbal- 
anced forces, they introduce a horizontal couple in the athwartship plane, 
and.as the center line of the engine is, on account of the lay-out of the 
laboratory, unavoidably 11 feet from the ground level, the rocking of the 
engine at high speeds was fairly marked. As 300 revolutions per minute 
could'‘not be exceeded, although a few tests’ were actually run at about 

320 revolutions per minute after this time, it was decided ’to carry out 

tests at about this speed and at lower speeds with the object of improving 
- the fuel consumption. Typical results obtained are shown in Table III. 
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The power required ‘to supply the blast air is not: accounted ‘for in 
columns 3, 6 and 10,. The compressor ‘used is of the Reavell type; driven by 
belt from an‘ electric motor.» ‘Column 8 gives’ the horsepowers: absorbed 
by the compressor after making the’ necessary deductions from ‘the effec- 
tive horsepower, based ona combined motor and belt efficiency of 85 
percent. ‘The speed of the electric ‘motor’can be varied slightly; but ‘be- 
yond this the air délivered! in excess of requirements is blown off between 
the: first arid second stages, Owing ‘to ‘the design of the compressor’ 1t 1s 
not ‘possible, as is done in the case°of_ the other experimental engities, ac- 
curately’' to measure the quantity of blast air actually used by the engine 
when ‘it is running. « By noting; however, the time required to pump’ up 
the ‘bottles over small ranges°of “pressure when the compressor is running 
at ‘the same speeds, &c., as during’ ‘the tests an approximation ‘can sbé ob- 
tained ‘of the air used, and’ therefore of’ the power required to’ supply: this 
air! It was found that in all cases the ‘powers given in column 8;: Table 
III; exceeded those’ calculated from ‘the figures Obtained for the quantity 
of air pamped. It was considered desirable, ‘however, to ‘take ‘the higher 
figures, 1.¢.; those’ shown in column 8,‘ for estimating the fuel consumption 
per brake ‘horsepower, including’ the compressor—shown in ‘column 11, 
_ Table TIT; but itomay be pointed out that in the author’s ‘opinion these 
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results are slightly higher than would be obtained: if the compressor were 
driven: by.'the. engine and definite fuelconsumptions: obtained ‘for the 
net-brake horsepower developed. These remarks apply also to the figures 
given in Table IV. 

As already mentioned, the figures given are typical of the results obtained 
for many. tests: with distributors having various numbers, sizes and angles . 
of ‘holes, and for convenience: they are:'shown graphically in Fig: 7. The 
fuel used: during: all these tests: was Texas fuel oil, having: a specific 
gravity of ‘0-92 at: 60: degrees -F;». The exhaust during these: tests: was 
smokeless, but: it) was: found when running-at higher mean pressures, just 
above 130 pounds per square inch, the exhaust became slightly: shaded. 

A number -of:tests,: many of from 2 hours’ to 6 hours’ duration; were 

also carried: out at about: 300: revolutions per minute;:with mean indicated 
pressures of about 150: pounds per square inch,-and with various distrib- 
utors—the:-object ‘being further to test! the: piston: The exhaust during 
these tests: was ‘shaded. : The particulars given: in Table IV are typical 
of: the results obtained:» At the -end:of 100: hours’: running at various 
powers, the engine was ‘opened ‘out for inspection, and the piston, top-end 
and: bottom-end bearings: were found: to -be.:in: excellent condition. ‘The 
engine runs smoothly: and well at the higher speeds. : At the lower powers 
a very slight piston knock is. sometimes noticeable, which would indicate 
that the piston clearance is slightly greater than necessary at these speeds. 
There is*no knock, however, atthe higher powers. 
o The quantity of piston cooling ‘oil circulated through the: system when 
running at 314 brake horsepower at 314 revolutions per minute was only 
210 gations per hour—the rise in temperature’ of ‘the’ cooling: oil ‘being: 64 
degrees’ F.:. If we assume, therefore, that the calorific value of the oil is 
18,400 British thermal ‘units (lower heating value), the quantity of heat 
carried away by the cooling oil is about 2-3 per cent of the heat supplied. 
At lower speeds and also at lower mean pressures at the same speed, the 
percentage of ‘heat passing to the cooling oil:is slightly higher, It would 
probably be advisable to pass a larger quantity of’oil through the piston 
arid reduce the rise: in temperature, but so far no alteration ‘has: been 
made to the engine in this: direction. 

Further tests are, of course, proceeding, and later it will be possible to . 
continue the tests at:the higher speeds; So far no) mechanical difficulties 
have been-encountered, and it is not anticipated that any: trouble will arise 
which will prevent ' the: engine developing: at least the rated net brake 
horsepower, i.¢., the:brake: horsepower at after making! full allow- 
ance for the power required to drive:the air compressor. 

By running an engine at high mean pressures a greater power can be 
developed ina given space and the weight. per: brake horsepower is re- 
duced. It is well known that many: makers: of. marine oil engines are: of 
the opinion that it is unwise to: work with mean: indicated pressures much 
in ‘excess of 100: pounds per square: inch—in fact, the present. tendency 
seems to be to reduce this figure. This sper gaser tome eaeged thong A 
perience, and may. be desirable in the case of. merchant ship shy sea a 
requirements of:a/naval engine; however, differ considerably from those 
of a merchant engine, and it is felt that if progress\ is to» be: made, with 
naval’ engines the use of higher mean. pressures should -be sériously con- 
sidered, ‘In alt:the experiments which have been carried out.at the, Ad- 
miralty Engineering Laboratory; therefore; the adoption of high, mean 
pressures hasalways been ‘kept in mind. It was: for, this: reason that the 
expetimental' engine just referred:to. was; designed: with a:rated mean in- 
dicated pressure of about 120 pounds per square inch. 
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‘No difficulty has been experienced at the laboratory in running high- 
speed Diesel engines working on the four-stroke or two-stroke opposed 
piston cycles, at 130 pounds M.E.P., with.a smokeless exhaust when using 
Texas fuel oil, but in each case air injection has been necessary, as smoke- 
less combustion has not so far been obtained with the solid injection sys- 
tem at mean pressures much in excess of 100 pounds per square inch. 

For the pressures above 130 pounds per square inch it is probable that 
supercharging will be adopted, and the problem of working at these high 
mean pressures with a smokeless exhaust is primarily one of successful 
fuel injection—in fact, the fuel injection valve is the heart of the high- 
speed engine. , 

At present it is usual to work with a compression ratio as low as pos- 
sible and to obtain economy by introducing the fuel oil before the top dead 
center. This results in a rise of pressure at (approximately) the dead 
center, which in the case of the Laboratory experiments has so far been 
limited to 630 pounds per square inch. The introduction of: supercharg- 
ing air would result in a high compression pressure with the same com- 
pression ratio, and consequently, if it were desired ta work with the same 
limiting maximum pressure after injection, the fuel would have to be in- 
jected later. This, apart from other considerations, would -result in a 
slightly higher fuel consumption per horsepower. 

The greater charge-weight of air in the working cylinder when super- 
charged should enable more fuel to be ‘satisfactorily burned, resulting in 
a higher mean pressure. The temperatures throughout the cycle when 
working at: high mean pressures with supercharging «in use would: not 
necessarily be higher: than when. working with lower-mean pressures with- 
out supercharging—i.e., temperature difficulties would not be increased as 
a result of the adoption of supercharging. The’ supercharging engine 
would be slightly more complicated, and additional, air: pumps would be 
necessary, which would slightly reduce the mechanical efficiency of the 
engine; but these pumps would have to deal only with ‘comparatively low 
pressures: It may be taken’ that if 50: per cent more power was developed 
by*supercharging, approximately 10 per cent would be absorbed in supply- 
ing the supercharging air, i.e., there would be a net:gain in. power of 40 
per cent. 

A low fuel consumption is not the only desideratum for naval engines, 
and it is considered, therefore, that supercharging experiments: are fully 
justified, and the 300 brake horsepower experimental ‘engine already de- 
scribed will be modified for this purpose ata later:date. In this instance 
air will be drawn through the inlet valve in the ordinary: way, and: the 
supercharging air: will be: introduced through ‘ports in the liner: towards 
the end of the stiction: stroke of the piston.. The air will be supplied. by 
a rotary blower, and arrangements made: so that the blower can be cut 
out when the ‘supercharging air is not required. 

Although it is not proposed to give a description of the large German 
submarine ‘engines,'a comparison between the weights of the piston and 
connecting rod of the German engine and the Laboratory engine. already 
referred to of approximately the same brake horsepower ‘per cylinder, is 
given in Table V ‘above. ; : 

One of the ‘first ‘starting: diagrams taken from the 300 brake. horse- 
power Laboratory engine is shown in Fig. 8. This aiagram was taken 
with an indicator gear 90 degrees out of phase with the ordinary indica- 
tor gear. It will be seen from the diagram that when. starting air was 
admitted into’the cylinder the piston was in a’ position corresponding to 
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A, and the rise of pressure is along the line A B. KC D’is the compres- 
sion curve, and subsequent admissions of starting air are shown b 

curves 1, 2, &c. The first ignition of oil is shown by the line E F, the 
second ignition by GH, and the third by I J. It will be noticed that as 
the speed of the engine increases the maximum compression pressure in- 
creases slightly, and also, omitting the first ignition, the ignition occurs 
later—the timing gear being kept in the same retarded position through- 
out. Figs, 9, 10 and 11 are ordinary diagrams representative of those 


taken from the engine: i 





Fig.9. CYL Ol. 201K,STROKE Fra. 10 CYL. 01.20 1N, STROKE Rg. 11. CYL. DIA. 201M, STROKE 
201M, RPM 300. MEP HES 201N, R.P-M.262,M.E.PSSG, 201N, RP 222, MEP 766, 
TMP 889. B.N P 800, MECH I.WP 207, BWP IIS.MECHEFF §/ H.P 185, B.H.P 106, MECH, 
EFF. OG5,FUEL.TEXAS; COMP 826 FUEL, TEXAS; COMP, EFF 70-5, FUEL, TEXAS;COME, 
PRESS 4280. PRESS. 476 PRESS 475. 
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It is considered unnecessary to refer to the past history of high-speed 
Diesel engines, as we are principally concerned with the future. It is 
hoped, however, that in the future technical opinions in regard to the 
process of development willbe more readily accepted than they have 
been in the past, for there’ is ‘no doubt that in) many ‘instances progress 
has been arrested by the lack of success which has frequently followed the 
action taken as the result of the influence of the enthusiastic amateur. If 
progress is'to be made, development must take place step: ‘by’ step—for it 
is the only sure -way. 

The high-speed High-duty oil engine is a much more difficult problem 
than the low-speed low-duty type, and as ‘the Admiralty ‘is! the’ principal 
user of the former it is reasonable and essential, inthe author's opinion, 
that an Admiralty:Laboratory should carry out at least a portion’ of the 
experimental work: involved in’ its*development: There>is'no’ reason for 
the Laboratory experiments in any way to’ stifle the initiative of firms or 
individuals in the ‘development: of’ the high-speed engine, but it is hoped, 
and expected, that the Laboratory will-be the means of assisting and co- 
ordinating the work. Members of the Institution will doubtless agree 
that the naval engine should be the ‘best available, and’ consequently ‘it 
should embody details which: are’ recognized: from ‘time: to' time: as being 
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the best on: the: market. ‘This:can only be brought about by the Admir- 
alty, and inthis connection: at: least» the Admiralty Engineering Laboratory 
should prove its valte: 

Comparisons have frequently been made! betwéen Diesel’ engines ‘of 
various types: in regard) to power and’ space occupied, but in ‘many’ cases 
such, comparisons’ have’ either been: based on assumptions which ‘could not 
be wholly accepted or certain assumptions have: been taken no! doubt with 
the object of —- the, advantages: of a particular engine.» A short 
time ago the author had occasion to look into this) question’ with the’ ob- 
ject of ascertaining the approximate brake horsepower which could be 
developed by high-duty Diesel engines of the four-stroke single-acting, 
two-stroke single-acting and two-stroke double-acting types, designed for 
the same overall length and height. The engines consi ered were based 
on Laboratory designs. It is not possible in this paper to give in detail the 
whole of the assumptions made, but the principal pointsassumied were: 
(1) Air injection in all cases ; (2) the compressor and scavenge pumps 
driven from the main engines ; (3) separate guides inthe se of the 
two-stroke engines and trunk pistons only in the.case-of*the- four-stroke 
engines. Taking the power developed by the eight-cylindéer four-stroke 
engine, BS the unit, the naamiparatixe,. fiquera obtained . are ehewa in 

able 


TaBie VI.. 








Com Figure 
Number for See (eight- 
* Type of Engine. of cylinder four-stroke 
Cylinders. Engine taken as 
Unity). 
Four-stroke, single-acting . .. 8 1° 
Henin Sealoaction ve 6 Loe 
inlet ahem. |e 1:38 
Two-stroke, double-acting . 6 1°9 














With, the assumptions taken it willbe. seen that it is' advantageous to 
keep down the a of: cylinders in an engine; also; the increase of 
power resulting: f the adoption of the two-stroke single-acting engine 
is not, -very: gener sy There is a distinct advantage in favor of/ the:two- 
stroke double+acting, engine,: but it would: be more :complicated, and its 
use could only be bearers for per pee ico those at potent ‘con- 
templated: :..°) i 

Although’: the comparative! figures entre a “ut dpe for the: ‘ab 
sumptions: taken, other points; in addition: to:space \occupied, ‘have to) be 
considered: when deciding:on ‘the typeof engineste be used: for powers | 
larger. ‘than. those: at! present: in. use: ‘or ‘undet sconstruction. | ‘The advan- 
tages and disadvantages of :the: various: types. are: well known arid ‘need 
not be discussed in'this instanee. ‘For powers of the order of 2)000 brake 
horsepower: per. engine» for. high-speed naval work’ there would “be no 
great difference inthe widths !of ‘the three‘types of engines, but: asiithe 
power-increased! it: is, probable: that. the »width of the four-stroke ‘engine 
would ; be» slightly» greater :than: the widths: ofthe two-strokeenginés--at 
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least so, far.as the six-cylinder engine is concerned. This would necessi- 
tate a wider engine room in order to accommodate pistons: and. covers 
bins dismantling. 

It has .been assumed ‘in these comparisons that the four-stroke engines 
are not fitted with separate crossheads, as in the case of the two-stroke 
engines. If separate crossheads were fitted, it would be mecessary to re- 
duce the stroke of: the engine fora: given head-room, so that, either the 
piston speed would have to be reduced, or if the piston speed were main- 
tained the inertia forces would be increased. This, in addition to the 
size of the cylinder, &c., would probably limit the use of four-cycle en- 
gines for comparatively high powers. 

Other assumptions in, regard to the method of driving the scavenge 
pumps, number of«cylinders per engine, &c., could be taken. in order to 
arrivé at comparative figures for brake horsepowers solely from the point 
of view of space occupied, but it is considered that the cases worked out 
give a good idea of what may be generally expected. Iti is clear from the 
results given that, compared with the four-stroke engine, the increase in 
power obtained by the adoption of the two-stroke single-acting or two- 
stroke double-acting engine is not so great as is frequently stated. 

Although, from the point of view of actual performance under sea- 
going. conditions, the four-stroke engine, has proved more reliable than 
the, two-stroke, engine for.. submarine, propulsion, the, possibilities. of. the 
latter cannot be overlooked. The four-stroke engine was the first ‘in. the 
field and has received. more attention, but, the two-stroke engine’ .is| the 
natural line, of . development, ..and it may prove of considerable,value 
should greater powers. be required in: the | future than. .those. at Present 
contemplated. 

A low fuel consumption is, of course, desirable, but other factors, £93, 
weight and space, are also of great importance. where naval engines are 
concerned. If;: therefore, the two-stroke engine is developed so. that. there 
are no doubts as to its reliability, it. is: considered; that, it, will prove .a 
sé¢rious competitor to ‘the four-stroke. ,engine,.,even for. moderate powers, 
for le can be mene a more simple engine so far, as the vital parts ase con 
corn xa 

‘In. addition to the engines already, mentioned, other engines, x ies 
experimented with at the Laboratory and interesting and, valuable results 
obtained, but it is ‘not possible. within the: limits: of this, paper to, make 
more than:a brief reference to them, The following. engines and plant 
are being. experimented) with..or are under, ‘construction, in addition, to 
those already mentioned :. 

Opposed-Piston Engine—The pee T yg type of two. stroke, engine 
is represented by a single-cylinder, totally-enclosed engine, which, was/ob- 
tained. from: Messrs; W.Doxford, and. Sons, Sunderland. . This. 
was designed ‘by the fitm. as.an experimental.submarine unit, 
for their owt: use. » It: follows ithe firm’s, usual 5 ol which -is 
well known and teed not be described here, and-has.a: font dls i 44-55 
inches and. a.combined stroke of 28-3. in¢hes.,: The, double-acting, scavenge 
pump and four-stage: air. compressor are driven:,from, two. , On. aD 
extension: of the: engine-shaft.; This lay-out, for .a, single-cy den crys 
reduces: its mechanical efficiency slightly, especially; having .in, view 
fact) that ‘the scavenge pump, and, compressor, (were. ,, Bets 
necessary for: ap ah running; for. the, BHAPORE, of superc 

ments at a dater date, 

The engine had mot been, run when; it was, delivered. to, ithe. 5a i ougan2 
A: large: umber of. tests have: now. been carried. out,, and after making 
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various modifications, particularly to the two’ fuel valves, very good re- 
sults have: been’ obtained. The representative results shown in Table VII 
may be of interest. 

Texas fuel oil; having a‘ specific gravity of 0-91 at 60 degrees F, was 
used for all tests, and the exhaust was clear throughout. The tempera- 
ture of the exhaust was taken by thermocouple as‘close up to the exhaust 
ports as possible. The pressure of the’scavenge air in the belt was from 
2% pounds to 3 pounds per square inch. 








TABLE VII. 
Blast | ‘Temperature | Pusl per H.P.-Hour 
RPM 1H? | BEP | MEP ae od Baivan deebersteelay 

: : er Conk Sq. in. Dee ¥ 152 | BEP 

322 500 333 130 6-6 1,325 700 0-82 0-48 
305 rt) 230 128 “2 1295 ss 0-30 0-47 
Ble |e |e) 8) Ble |e] 
40 249 Mi 87 56-6 ‘900 463 0-98 0-49 


























The engine runs smoothly and well at all speeds. There have been no 
important mechanical troubles since a new and stiffer’ top-end bearing 
was ‘fitted and slight modifications made to the compressor (principally 
with the object of keeping the lubricating oil from’ the walls of the com- 
pressor cylinders). ‘The pistons, which‘ have steel heads and aluminium 
alloy'skirts, are cooled with oil.. Originally the cooling oil was taken from 
the lubricating system, but after a few runs it was decided to modify 
this, and separate tanks and a pump, in this instance driven by'a belt from 
the engine shaft, have been fitted. 

The upper piston is fitted with thermocouples, and the results so far ob- 
tained indicate that the temperature of the metal at a point % inch from 
the surface of the piston, when the engine is developing about 300 brake 
horspower, is about 630 degrees F. The upper piston is swept by the ex- 
haust gases, whereas the lower piston is swept by the comparatively ‘cool 
scavenge air, and the temperature’of the latter will consequently be less 
than the former. It was ‘anticipated that higher temperatures would be 
registered, in‘view of the thickness of the»piston top, but the above figure 
gives the mean result so far obtained at the power stated. Pistons of dif- 
ferent material are now in hand ‘and will be fitted at a later date. 

Brief reference might be made to the phenomenon of detonation:. In 
the opposed-piston experimental engine detonation was experienced at the 
higher powers and speeds, and pen not harmful, it would, if heavy, 
be rather distressing in a multi-cylinder engine. It was’ very desirable, 
therefore,-that. évery effort should be made to-eliminate the tendency: to 
detonate, but so far ‘it has not ‘been’ possible to'do this completely without 
at the same time increasing the fuel consumption slightly. i] 
°o'This’ question ‘was investigated and curves of rate of change’ of: pres- 
‘sure,’ &c.,’ were ‘obtairied from combustion diagrams: which ‘clearly indi-_ 
cated°that detonation’ was accompanied by an extremely rapid rise in pres- 
sure.’ From an analysis of’ the diagrams taken with varying degrees of 
‘detonation, the engine developing approximately the same -brake:/horse- 
power atid’ the same speed throughout; it was found that: (1): An in- 
crease in the rate of heat supply, i.e., in the rate of combustion of the 
fuel; résulted' in’ increased ‘detonation; (2)in’ the ‘case: for low detona- 
tion diagrams heat was supplied later’in the expansion stroke:than, in the 
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case of. high detonation. diagrams ; (3),,the maximum and. mean ‘tempera- 
tures, 01 ms cycle were greater in the low. detonation diagrams than. in 
the, fee tonation  agramss: (4) the, thermodynamic; efficiency ::was 

higher in the. case, of high detonation diagrams than in the case. of. low 
detonation, diagrams, - 

From. the experiments; which were ‘carried: ‘out it.-was: ‘clone that ‘detone: 
tion was.a: fences of, the speed of injection; with, the particular fuel used 

Texas fuel oil), but when.working: at high mean pressuresian increase. in 

e quantity of fuel injected, other, conditions remaining the, same, tended 
‘a Seen detonation, and in. this instance,,the exhaust, wid. not remain 
coloriess. ¢ 

Compound pe a A ME Engine —The design of "this: eae 
which. was the outcome of a:proposal and outline sketches. submitted by 
Mr. H. Ricardo to.the. Internal-Combustion. Sub-Committee;, was-.com- 
menced at the Board of Invention. and subsequently completed at, the Lab+ 
oratory, It. was.constructed by Messrs. P., Brotherhood to working, draw- 
ings supplied. by. the Laboratory. , After. a number of tests had, been car- 
ried out, it was decided that in view of the unavoidable complication:of the 
engine for marine purposes and the pressure of other work to discon- 
tinue the experiments for the present. Ordinary town’s gas was used for 
the preliminary tests... 

Hot-Bulb Engine —A 46 brake horsepower singlé-cylinder Bolinder en- 
gine has been obtained, but. this will not, be,erected until the Laboratory is 
transferred: to West Drayton, ; 

30:Brake Horsepower Siagtert, winder 5 HoursSioke Diesel Engine—This 
is being constructed principa ly or. use.in. connection with the. testing. of 
fuel oils. Delivery will be made shortly, 

irate. Engine—In. view of. the. n cof paraffin engines now in, use 
in the. Navy, a. four-cylinder engine for about. 50. brake horsepower has 
been obtaine a and, tests have mmenced. 

Two-Stroke.Single-Acting, fn mane: —A single-cylinder. single-acting two- 
stroke engine of about 400 brake h orsepower. is constructed for the 
Admiralty, by Messrs. J. S. White and Co., Cowes.. The working drawings 
were undertaken by the firm, the poets “design and drawings. of various 
details being provided by the Laboratory 

Two-Stroke ,Double-Actin an Engine- Although the headroom available 
in: present. submarines precludes the use of. the. double-acting engine, it 
was felt that. from; the point of view of, general development it was, de- 
sirable..to. consider, this type. ..A preliminary design has. therefore, been 
made which may be taken up at-a later date. It was understood. that pre: 
vious be gece) with. double-acting engines, were largely. due. to. the. 
culty of obtaining. satisfactory fuel combustion on the.under side of the 
piston., In. the: Laboratory design, therefore,, special attention has been 
given to,this: point, as, well as to the design o the covers and liner... 

Small Plawt-A number of, small. pieces of, apparatus have. been. de- 
signed. by the Laboratory and constructed for experiments in connection 
with fuel injection ;, the, study of the. fuel. spray ; the ignition, temperatures 
of fuel oils ise the. engineers’. standpoint ; the testing.of white metal; for 
bearings and material for piston rings, &e. 

The. fuel. injection..problem is .of, of the utmost, importance in ‘connection 
with the successful development of: the high-speed marine oil engine, and 
it is poee feet it will,be..possible at a later date, to give some. inf 
on ject 

It has, frequently ‘been: stated. that the Continent has. been, ahead of this 
country in regard to the development.and. manufacture of marine oil en- 
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gines, largely on ‘account of the use of ‘better materials, Although it is 
thought that in ‘the past there has been a ‘certain amount of truth in this 
statement; largely due to ‘continental engineers more thoroughly ‘appreci- 
ating’ the value of the metallurgist and ‘metallurgical work, thefe were, of 
course, other factors-entering into the question which tteed not be: distussed 
here. It is ‘true that many ‘difficulties i in connection with ‘oil engines may 
be overcothe by’ improvements in,’ and, if possible, a simplification of, the 
design, but when developing high- duty engines: and ‘apparatus ‘for naval 
purposes a full’ knowledge ‘of ‘the properties of’ the materials employed i is 
absolutely essential. “Consequently, if progress is to be’ made; the engineer 
and metallurgist must work together—under the same roof—and it is’ cer- 
tain that’ the metallurgical section of the Laboratory‘which has recently 
been “set up, under the supervision of Dr. O. F. Hudson, will be of the 
greatest value in elucidating the various problems: which ‘frequently arise: 
In conclusion, the author’ wishes''to express his thanks to the Admiralty 
for permission to read this paper; also, to the’ staff of the Laboratory for 
their ‘valuable assistance: iff connection with the: experiments.—“ Engi- 
neering.” 


ITALIAN FLOTILLA LEADERS. 


Mainly in consequence of the financial situation, but partly owing to 
experience gained during the war, the Italian Government proposes to 
revisé. its naval policy, and in future to build and maintain only relatively 
small’ vessels, such as Scouts, destroyers, and submarines. Pursuant to this 
decision the majority of the armored ships are to be paid off and the bat- 
tleship Caracciolo is to be completed as an oil fuel depét. So far as is 
known, ‘the’ only ‘war vessels now under construction ‘are eight or more 
flotilla leaders of an unusually powerful ‘type, which, displacing as they 
do from 1,900 to 2,200 tons, aré more akin to small cruisers than torpedo 
craft proper. Irrespective of these new vessels, the Italian Navy already 
includes a number of destroyers or flotilla leaders, which are perhaps the 
most powerful representatives of their type afloat. Although of slightly 
smaller tonnage than our flotilla Teaders of the “Scott” class, the four 
Italian units of the “Aquila” ‘class, originally designed for Roumania, 
have a more formidable armament and -virtually the same speed. The 
Aquila, Nibbio, and “Sparviero each mount three 6-inch’ and four 14- 
pounder guns, and the Fal¢o has six 4.7-inch., as compared with’ a standard 
armament ‘of five 4.7-inch in the British “Scott class: If the new ‘Ital- 
ian leaders, designated as the Leone and Improved ‘Aguila classes, a tni- 
form battery of eight 4.7-inch ‘isto bé* moutited, ‘together’ with six tor 
pedo tubes. Through ‘the: courtesy of Messts.: Gio.’ Ansaldo aiid Co., of 
Genoa, ‘a’ firm’ whose lorig and-‘tonorable’ association with’ Italian’ naval 
development is well known, we are able ‘to give’ below a detailed destrip- 
tioh of two separate groups of ‘flotilla’ leaders, recently constructed by 
them,” which embody to a marked ‘degree ‘the: essential characteristics of 
modetir Italian’ torpedo craft. The’ first group comprises the Carlo Mira- 
bello, Auguste Riboty, and Carlo’ Alberto’ spond launched | respectively 
in’ 1914) 1915, and’ 1916: the second consists of ‘the ‘Alessandro Perio, 
Cesare ‘Rossarol, and Gugliélno Pepe; launched in 4 jag All'six Vessels 
- were completed in’ time’ to’ ‘take ‘part “ih ‘the operations of ‘the war, As 
their. official classification—Esplorat ri—indicates, they weré designed to 
act as scouts’ aswell as torpedo vessels, and to this ‘end ‘were’ given’ dimen- 
sions and’ sea-going’ qtialities” superior to” the average run of ‘destroyer, 
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while. special: regard» was -also paid :to strength ‘of construction. They 
Proved, without: exception, ‘to »be- fast, weatherly vessels, able to ‘keep ‘the 
sea, in, nearly any: weather likely: to: be ‘encountered: in‘ the Adriatic and 
the Mediterraneam::: Their good -spéed.- and: powerful ' armament’ made 
them. more.than a:;match for the largest Austrian: destroyers? and ‘equally 
a terror:;to enemy submarines;’ Thanks: to’ careful design and skilled 
workmanship, the propelling machinery developed on trial a-power some 
20. per: cent: in: excess ‘of contract requirements. The completion: of the 
three Mirabellos, which had been ordered at the end of 1914; ‘was ‘some- 
what delayéd in consequence:of labor and material shortage, but! these and 
other difficulties: incident to war-time construction ‘were’ not permitted to 
prejudice the quality: of-the work. 

Weishall deal. first: with: the Mirabello class, the principal Ppnions oe 
which, aré::as follows :--> 


Length between perpendiculars...........:......- iy... 340 feet 
Breagth touied oo ioe cscs ss cecoemscesepeoaes ose, 3a feet 
Draught over keel. 20 ek cece ececccctvecess 9,8 feet 
Normal displacement... 2.22.0... 2... ee eee weeageerstn. 2620. tons 
Ratio of breadth to length..... 2... 0. 0.......-0- espace 10899. -: 
Block’ coefficient 02 ice eve cece cereneeees ivde hes DRT (metric) 


Structure of the Hull,—A vertical central keelson runs the winise length 
at the same, height as the:double bottom: in the engine-room and as the 
boiler-room floors. The frames are of the usual type, consisting of floor, 
principal, and reverse angles, channel-shaped at the et: they are spaced 
21.6 inches, apart. and.are joggled to save the weight of. strips: between 
them and the outer strakes of the shell plating...In the engine-room: special 
reinforced frames-are fitted where possible. ..The cellular double bottom, 
of 3114 inch height under the propelling machinery, i is-arranged: for:car- 
rying oil-fuel. The deck, extends from: the fotward,to: the after perpen- 
dicular; the beams. are cut in way of.wing cofferdams: and are: continuous 
from side to: side where no longitudinal water-tight bulkheads -are. fitted. 
The forecastle deck is carried aft as. far-jas: the: forward:.funnel:. ‘Below 
this deck there: is: a-partial..flat forming a ‘tween deck. of nearly, 7 
feet 6, inches, . Specially strong beams are fitted both under the main and 
forecastle . deck plating at intervals between the.-ordinary ‘deck. ‘beams. 
Longitudinal lateral, girders run beneath the deck fore; and, aft,, and)@:gir- 
der;is worked, in .at ‘each side. between the main and forecastle decks, .. 

Internal. Compartments, and Oil Fuel Service —The.. system, ..of,, main 
water-tight. transverse, subdivision is indicated’ om: the drawings ‘shown 
herewith...The oil, fuel, compartments, haying a total capacity of 8,200, m3 
feet, are, subdivided. into eighteen, separate. water-tight tanks, of . which 
the ceiling, where not, formed by the; double .bottom. inner..plating. itself, 
is in all, cases at.a level: below the normal .water line o ee ship.;-'The 
tanks. can be, filled from. the exterior at four different. peations, twa; of 
which. are. situated, in the forward, part, and: biatsky ems --Oil-gan also 
be taken i in by, 1 ameans, of. two steam pumps: carried pumps, 
of, the Simplex type, have a capacity of 32 to fn gece howe. and are housed 
in| separate, sompartments, They: are equippe 1 d valves to 


permit, the. transfer, incase of emergency, of tag fro Pais compartment 
to another. Four pumps with a capacity of 12 tons nee our conyey the 
oil through, heaters; or th a to,the byrners.; The;o. 

of a ring collector wit 


Piping consists 
an independent branch’ to every compartment. 
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Bilge and, Fire Service-—For bilge ‘and firé:service there isa main  suc- 
4ion pipe of 3.inch! clear diameter, withiseveral branches to the bilges, and 
eight 40-ton steam ejectors, The. fire main,’ of.:2.86inchclear diameter, 
is fitted. below the deck beams.'.Pipe ends have standard ‘threads and 
couplings: for, use: with canvas. hose. |The pumping::plant::comprises' ‘the 
following :—Twe' duplex:.steam pumps, capacity 15 tons: per hour,one in 
each engine-room:; one! turbo-electric: pump, 80‘ tons ‘per hour; in ce gre 
room, aft; one: Challenge: itype portable pump of 6 tons’ capacity;  orie 
Downton pump fitted on deck. 

Fresh Water: Supply—Certain of thie lateral usllagtants dre used for 
reserve feed -water; the total capacity: being 33 tons, Drinking water ‘is 
carried in two independent galvanized tanks with a ‘total capacity ‘of''3 
tons, The fore peak tank and a second compartment below the flat are 
utilized for storing water for washing purposes, - These tanks: can’ be 
filled from the exterior and also by means of the Excelsior quadruple 
pumps used for filling the gravitation and distributing tank, 

Sanitary. Arrangements—Connections are taken from fire main.to 
distribute salt ‘water to baths, wash places, and water-closets for. officers, 
warrant officers, and crew. The officers’ water-closets are also fitted 
with small ‘Excelsior pumps for direct service. from the sea. Effective 
sanitation is secured by a small turbo-electric pump of 10 tons capacity 
hourly, with direct suction from the sea and delivery to the main fire col- 
lector pipe. 

Ventilation—Large exhaust fans are fitted in the wardroom, petty ‘of- 
ficers’ mess, and» dynamo ‘room, and bem ed in the men’s quarters 
forward, 

Steering Géar—Powerful hand and ensien steering gears are provided, 
both working: on the double-screw system. The steam steering gear situ- 
ated ‘in the after: engine-room consists of a vertical two-cylinder: engine 
capablé of being ‘safely driven at full!boiler pressure. ‘Seventy revolutions 
suffice for: putting the ‘rudder from the center to hard over. ‘The hand 
steering ‘gear has two ‘wheels’ of ‘the usual largé diameter. A suitable 
arrangement of couplings‘and pins enables the change over from steam to 
hand’ gear to ‘be effected instantaneously: Should the double screw gear 
be put out of ‘action through damage, resort ' may be had to an auxiliary 
mechanical ‘gear; consisting of a toothed sector normally loose on the rud- 
der shaft, which can easily be fixed ‘with strong pins after the cranks of 
the damaged gear have been dismounted: Furtherinore, a reserve bar is 
provided for working the rudder by hand with’ tackles. 

Anchors, Chains, and Capstans—The bower anchors are bic of 40 
hundredweight stockless type, with a shank of forged iron'and steel flukes 
cast’ in one piece.” Nine lengths of cable, each 82 feet long, are provided, 
Adjacent to the bow’ there are’ two electric capstans; each operated ‘inde- 
pendently and having ‘a ‘rotary converter of the ‘closed and ventilated 
type, which ‘in’ normal’ service requires nearly 295 dmpéres and 105 volts, 
feeding a motor of '27 horsepower. .Transmission is effected’ by a heli- 
coidal’ gear)‘ which can ‘be a connected with the'capstan by: means of 
skin ‘friction dises. ' A “switchboard “for ‘control ‘is fitted under the fore- 
castle. Ft’is possible to weigh the anchors at'a rate of 39 feet per second, 
the normal tension exerted’ being ‘more than 514 tons, although for a few 
moments a’ maximum pull ‘Of ‘nearly 12 tons can be attained. A third 
electri¢ capstan of snaller type is mounted aft for mooring, purposes and 
for serving the derrick. 

Four boats are” provided, including a 26-foot petro latatlel with a speed 
of 12 knots. 
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The mast: are built principally of steel, ghe! din mast being reduced 
in height and, of specially stiff construction to obviate the use of shrouds, 
which interfete with the training of the-guns: _ 

All living-spaces througtiout the ship are sheathed with wooden plank- 
ing, the decks being coveted with linoleum, The washing places have 
running water with overboard discharge.» The ship is heated and lighted 
by electricity? Po Epey a ee 

The front-and sides of the bridge, which is built at a height of 4 feet 
8 inches above the forecastle deck, are eaclosed by a framing of brass 
and wood with sliding witdows. Below and‘abaft the bridge are situated 
a small cabin for the commanding officer, the charthouse and thé wireless 
telegraphy- reom: Ste ft RE 


Magazines—The magazines, two in number, are entirely sheathed with 
insulating material, viz., or 


‘cork slabs 2 inches thick, with a covering of rein- 
forced “‘litosilo.? Racks are provided for the 4-inch cartridges and the 
after magazine ‘containgboxes for storing torpedo war-heads and depth 
charges. Both magazines! are equipped with an.electric fire alarm system 
and with Kingston flooding yalves, which canbe operated from the deck. 
The 4-inch guns are served by a special electric hoist controlled from the 
deck, which can deliver eighteen rounds per minute. The 6-inch bow- 
chaser is supplied by a cage hoist with an eléctric winch. All these hoists 
are of the Ansaldo patent system and are furnished with emergency hand 
gear, Lid ba My 
Refrigerating Plant —The réfrigerating plant consists of two independ- 
ent=sets, each of 5,000:calories ‘per hour. Refrigeration is performed on 
the*direct carbonic acid expansion system.. The compressors are operated 
by belt transmission Irom electric motors of 5: horsepower. An air cool- 
ingesystem is. fitted to each magazine. . 

Armament:—The armament comprises one 6-inch 40-caliber gun—45 cal- 
iber in Mirabella only—seven 4-inch 35-caliber guns, two 2-pounder anti- 
aircraft guns, four 18-itith torpedo tubes on twin mountings. ‘The tor- 
pedo tubes are constructed of-steel, the torpedoes being fired by a charge 
of powder. The compressed air system for the torpedoes is tested to 400 
atntospheres, and a branch leads, to the boiler fronts for tube cleaning 
purposes. The after deck is fitted for the carrying of 100 mines, with a 
tramway. for-mine-laying, racks for depth charges, and davit gear for 
explosive paravane sweeps. » ie ; 

Electrical “Equipment.—Continuous ‘curfent at 110 volts is used. The 
generating plant includes two 30-kilowatt turbo-dynamos and one 15-kilo- 
watt Diesel. dynamo. There aré seven independent wirings from the main 
switchboard, .viz., one lighting circuit for.engisie-rooms, boiler-room, maga- 
zines, and gun positions; one lighting circuit for living quarters, pantries, 
&c., with commutators for changing over from the normal white light to 
blue light in @ction; one-cireuit, for the wireléss telegraphy, one for Sig- 
nals, one for auxiliary engines and heating apparatus, and two circuits 
for the reatciighs Six small independent aecumulator batteries are 
supplied for. ertiérgency eghtiy in the machinery spaces and magazines. 

Propelling. Machinery—The propelling engines consist of two sets of 
simple geared turbines situated 4h two separate water-tight compartments, 
each set being complete in-itself’and capable of being operated independ- 
ently. Each set comprises one high-pressure and one low-pressure ahead 
turbine, Astern turbines are cased in withthe low-pressure ahead tur- 
bines. -Adjusting: blocks of the pivoted#oil film type are fitted at the for- 
ward end of the turbines, which transmit.their power to the gearing 
through. flexible couplings of the claw and sleeve type. In the low-pres- 
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sure ahead turbines provision is made for admitting steam exhausted from 
the auxiliaries.. Steam is generated-by-four baer aie boilers housed in 


four separate water-tight compartmients.: 


40,900 square feet. {| fate CRD 

The machinery has ‘developed an aggregate of nearly 46,000 shaft horse- 
power, and on trial a maximum-speed of 36.8 knots was attained, while 
the contra¢t speed'was 35 ‘knots;- The‘ power developed when going 
astern is-almost half the figure reached whet steaming ahead. 

The turbine cylinders are of hard;~tlose-grained cast iron, smoothly 
bored inside and divided horizontally into two parts. The rotating parts 
of the turbines, consisting of the rotor’shaft and wheels, are made from 
ingot steel forgings, while the blading is of drawn bronze bar. The 
bearing bushes for the rotor shaft are made of gun-metal lined with white 
metal. The-whole.of the bearings and adjusting blocks are arranged to 
work under a system of forced lubrication, with oil baffles fitted at the 
ends of thé-bearings. emate et 

The gearing is of the double helical, type suitably dimensioned to give 
the necessary ratio between the turbine and propeller revolutions. The 
rims and shaft of the main geat wheels aréamade from ingot cafbon steel 
forgings, while the bosses of the wheels are Of cast“steeliPhe*pinions, 
whichzare forged solid with their shafts, are/ of nickel steel. e gear 
cases ‘are made in upper and lower séctions, the first built up of steel 
plates-and angle-bars, the lower-séction’ Of cast iron. To obtain efficient 
lubrication eit sprays are fitted ‘tothe geat/cases in such positions as to 
spray “oil -upon’the engaging teeth of. piniens and wheels when moving 
either, ahead or’ astern: Mere f° Ya 

Lubrication ‘is“effected by oil pumps mounted ;:in pairs in the two en- 
gine-reoms. In connection with: forced lubfication system each en- 
gine-room contains the necessary oif drain tank, oil reserve tank, oil cooler, 


and stitable piping and mountings. |. / 
The shafts are of hollow forged: steel, the tail shafts being of nickel 
steel. “The screw propellers are built.of manganese bronze and are secured 
to thexshafts by. means ofa.key and nut, The thrust of each propeller is 
taken ‘on ‘a> pivoted thrust~block supplied with forced lubrication on the 
same system as that applied to the turbine adjusting blocks. ; 
The condenserssare of the heart-shaped pattern now generally adopted, 
each having a cooling surface of 9420; square feet. They are constructed 
with a steel plate shell, rolled Muntz-'metat tube plates, and solid-drawn 
brass tubes. The low-pressure turbinesvate connected with the condensers: 
by means of: large exhaust bends built up of steel-plate and angle bars. 
Feed water is stipplied by two Ansaldo type evaporators, each deliver- 
ing 4,400 gallons.of fresh water per twenty-four hours, and combined with 
a distiller condensér. delivering 1,750 gallons of water in the same period. 
The main steam piping is so atfanged steam may be conveyed to 
each set of turbines from any ofthe four boilers. The tubes are of 
welded steel plates with forged’ steel flanges. Any boiler may be cut 
out of service by intercepting valves...The auxiliary engine steam piping 
is independent of that of the main steam supply, but in each engine-room 
a special connection with suitable. valves is provided between the main 
and auxiliary steam piping. The eames seam pipes are arranged to lead 
exhaust steam to.the turbines, condensers, or atmosphere as it is needed. 
There are-two independent eek systems,one main and one auxil- 
iary, each complete for supplying all the boilers, The main pipe conveys 
the water to each-boiler through a 'sufface heater and an automatic feed 
regulator connected with two relief valves, fitted on the water pockets of 


e total heating surface is 
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the boiler. The auxiliary pipe supplies water direct’to the” ‘Boilers’ ‘thfpugh 
the ‘hand-worked feed. valves... Air’ puihps deliver aa > po into the 
tanks, from .which it is. drawn by the feed pumps.’ vette eight in 
numbéf, placed in. pairs. in- each boilét-réoim, ‘each * abe tala ’ two 
single’ pumps... The feed. pumps are able also to draw thet pwater 
direct) from. the reserve tanks through ‘suitable’ piping.?°” #°'"?' 
As.‘stated above, the four water-tube: boileys’ are ised in’ selbrate 
compartments.- The heating surface of each -boiler’ ts‘ 10,225 square’ feet, 
the total heating surface of the four boilers “béitig 40,900 square feet. 
The working pressure is 250-pounds''td the ps inch: ° Oil fuel is ‘used 
exclusively on the closed stoke-hold systém’ of ‘forced draught: ® ‘There are 
single and multiple sprays, with their respective air cones, of the usual 
type. Oil is supplied to the burriers’ by four pumps, ote foreach boiler- 
room, which. pass the fuel successively through, the cold filters, heaters, 
and hot pies to the distributing valves attached to the boiler-fronts. Air 
for’ combustion is supplied by turbine-driven steam fans, two for each 
boiler, each having a capacity of about 32,000 cubic feet per minute. — 
Stability and. Rolling.—Stability trials, carried, out when ;the ,vessel was 
nearly completed,,on a normal load displacement of,4,530-tons! and with 
a mean draught; of 9 feet 2 inches, gave an effective metacentric height 
of 30 inches—0.762 m. In order to reduce the rolling .a, system.-of ‘anti- 
rolling tanks and) gyroscopic stabilizers had: been installed, but;the be- 
havior,-of, the -vessels at sea proved to be so satisfactory that. this, system 
could be dispensed with, and the spaces provided for anti-rolling tanks 
haye consequently. been utilized for. the storage ) of oils fuel,. “phe, — 
srl given the Hasranetinn of, weights: a 





° ts Bae Tots: 
Hatt and seit fas 10.29714 bil BM eg eaeet can eee 5124" °° 
Deck Sheathing’ .:.2...0..2.. ere Eee ste ie eEAcckas cher ee 
Complementary steel structurés............ PAAR AE 
Cement anid paintwork’. .../ 2... Ma eViaseenarrtidettaae ee 
panne aNd PIpiHe eee ies tes cee se gses piv eeenseeces soci. See 
atis atid MY czuigts Satie Pet BR A Ro tciee Oe 
Steering” eae ats eater ca Sehr Fa Be ee oe Cee 
*”Capstans,, tts, béitaids, Met eine aie OS stivehieraek eee 
petty ies laVatories, baths, &.. 200.600... tees Ro. age 
ves rs” dnd petty officers’ anit 2 hy PE SE A DiS Chg 
Mest! deck “fits and’ shelves in SHOES. 2 ee 13.0 
Mast§, and’ rigging ......0.... Me eke baie. sree Westy pS “2.6 
Anchors, chains, and cables. Seely (Meee tele. Ae fae. 
TOUS “cnes esa tr teaser cist is eee ts Pe att ie PAs abies, 
Voike ‘pipes and accessory equipment. ."..... ries fa a ae 
‘Equipment’ gee etait MR AGES dy lt aE ar BYORI ES. qgorn 
“Awnings, €afivas ‘covers, and sails...) TO eke ee te? TRUE 
Wireless telegraphy equipment..........6. 000.00. BT 
Electric plant, including dynamos.............ssseseeeeee 28.9 
PASUAGUMEES ous choc ve 6b ore cx Gx CRT OTES S Rb auins Nama ROR eES 53.3 
PRMD, «cs no cas canbe asne bi ae henuesei acetals shiek 22.0 
Store-room ‘fittings. \.....’. hale He Mis Bek PAR TOMBE hese 10.4 
Magazine equipment ..........:++sseeeeeeesseseseeeeeses 16.8 
“\ Poppedo? ibes anid ‘accessories... aii. Se rete ee 2® 
\o' Torpedo atid’ war se lS Sep Naas Jes! Zieh gc 
' Main engines; complete ../.)00. 2: tovbopaal Moai A. Aco! 280.8!) 
Propellers, ‘shafts, rend eaiinigh 7.21 6 ase BUGS), cat refi BBB 


Boilers, uptakes, and funnels... ey. 220i es 1) BO52°: 
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Spare, parts, ladders, &...... <4. divide spit erred bicep ee Es 27.4 
Water in boilers and condensers.,:..........05 baie « boaleress 62.3 
Consumable stores ...0.j.0cse0eseubsevaes §cxle aaded sicbwee 6.0 
Complement .and appurtenances...'.... cas is eeion «atk soalg 150 

+ DTMBMART:, ACRE boy crisis Soi siass erree ey sitiestapawhy “bil Deis. ab 3.0 
Washing water (normal)......:. fpaeblas Sab shk ahesGaee to asthe 10.0 
Washing water (extra) ......cccsuvecccecesevbcessadeed 10.0 

, Reserve feed water, ....¢.06. 0. eee eens yitie Relsleieich bis a ante 32.9 
Oil fuel in filter tanks, ...)0.. 2.606. eeu cles Jadbviedaensaor LATO 
Oil fuel in, compartments (normal)........i5.2. 006.0000. 0% 213.6 

. Oil:fuel.in. compartments (extra) .....ccevcebeecseerteees 112.5 
Total. (full load: displacement) .....) 065.4% Jesiiaeness 1,972.0 


i The three vessels of the Alessandro Poerio class, comprising the name 
ship, the Cesare Rossarol, and Guglielmo Pepe, are somewhat smaller 
than the Mirabellos. Their principal dimensions are :— 


Length ‘between perpetidiculars.....0....00..... 278.88 ‘feet 
‘Bréadth moulded 2.00.00 0.0 ee, ‘2. (26.25 feet 
Dratight 32050. 202299. As ais. SPEAR, S JF, 8.60 feet 
Normal’ displacement J .)....0.0. 00.0... SSA Seah 930 tons 
Ratio ‘of length to breadth. ..... Spex tee tiaee: 10.5 

Block ‘coefficient ....0...... BY ON PIII BASSE, 0.505 (metric) 


In ‘these vessels, as in the ‘preceding class, high-tensile ‘steel has been 
largely employed, especially for the shell’and deck plating. Details of the 
vessels are shown in the engravings on a preceding page. The oil fuel 
compartments are furnished with pipes of a number. and diameter: suf- 
fictent. to permit the filling of all tanks in a space of two hours., The 
pumping system for bilge, fire, and fresh water service and the sanitary 
arrangements are, generally speaking, very similar to those in the Mira- 
bello. class, of which these vessels are smaller editions. 

The. armament consists of two 4.7-inch 40-caliber. guns mounted re- 
spectively on the forecastle and quarter deck; four 3-inch 40-caliber guns 
on the, broadside; and four 18-inch torpede tubes on two, .twin-deck 
mountings. Each of the two magazines contains 260 rounds for. the 4.7- 
inch guns and 560 rounds for the 3-inch, -The hoists are worked by hand. 
Eight torpedoes are carried, four of which are in the tubes and four in 
reserve. The electric plant is operated by two 30-kilowatt. generators 
with, turbo-motors. The propelling machinery resembles in all essential 
features that of the Mirabello class. The maximum power developed on 
the trial runs was 25,200 shaft horsepower, equivalent to a speed of 33.4 
knots, Although of comparatively moderate dimensions, these yessels 
have an extensive cruising radius, viz,, 750 miles at full speed and 3,000 
miles at a speed of 15 knots.—“ The Engineer.” 


—_— 


THE TRIALS OF H.M.S..“ RALEIGH.” 


An event.of more than passing interest. is the completion, of the steam- 
ing trials, last week, on the Clyde, of the armored cruiser H.M.S, Raleigh, 
built by Messrs. William. Beardmore and Co., Limited, at, the Naval Con- 
struction Works, Dalmuir, This completes a series of some 30 war ves- 
sels delivered by her builders during the war. The designs for this par- 
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ticular class of ship were prepared in the summer of 1915, but the com- 
pletion of construction was delayed because of the inevitable changes of 
the programme of naval construction due to the necessities of the various 
phases of the war. The leading consideration! was suitability for ocean 
work in any part of the world, so that a.large radius of action was es- 
sential. Moreover, to act as a flagship of cruiser’ squadrons of “C” and 
“D” class cruisers a speed of at least 29 knots would be required. These 
features necessitated an increase in size. ‘The 420-foot length of the “C” 
class and the 445-foot of the “D” class were increased to 565 feet be- 
tween perpendiculars, of 605 feet overall in the case of the Raleigh class, 
with corresponding increases in. the othér leading dimensions. A beam 
of 65 feet with a draught of 17 feet 8 inches gave a displacement in tons 
of 9,700, and 30 knots speed at load draught required a shaft horsepower 
of 60,000. A view of the vessel on her trials is given in Fig. 1, while ele- 
vations, etc., are given in Figs. 2, 3 and ‘4, and in Figs. 5 and 6 illustra- 
tions of the turbines are-given. 

The fuel carried totals 2,400 tons, 1,600 tons of oil and 800 tons of coal. 
In order to be capable of operating from bases where no oil might be 
available, it was decided to have a third of the total of 12 boilers coal- 
fired. The armament possible with the extra displacement was a consid- 
erable increase on the “€” and “D” cruisers, and consists of seven 7-5- 
inch guns, ten 3-inch quick-firers (four of which are high angle anti- 
aircraft), four 3-pounders, two 2-pounder pom-poms and six 21-inch tor- 
pedo tubes. The elevation and plan, Figs. 2 and 3; show the disposition 
of the guns, which are arranged so that six 7-5-inch are available on 
either broadside and. four: 7-5-inch ahead and four astern. The crews of 
the foremost and the aftermost guns, as will be seen from the illustra- 
tion, are protected from the effect of the fire of the guns behind and ‘above 
by blast screens, and theforemost gun on the quarterdeck is suitably 
masked over that patt of its/arc of fire interfered with by the aftermost 
gun. The six torpedo tubes. are mounted as two single projectors in a 
submerged flat below the bridge and two pairs above water at the base 
of the main mast, as can be seen from the side elevation, Fig. 4. The 
normal beam is considerably increased by the “bulges,” Fig. 4, although 
owing to the way the hull side slopes inboard—which lessens the risk of 
penetration by a droppingshot, besides making for speed—a perpendicular 
dropped from the top sideswould just touch the edge. of the bulge. These 
bulges have proved most successful and their incorporation in this class 
of vessel follows on the successful experiment of H.M.S. Ramillies. As 
in the previous light cruisers there is 3 inches of armor over the side 
amidships with 2% inchés to 14% inches extensions forward and 2% 
inches to 2% inches aft. Above this is a 1-inch strake so that only a 
very small portion of the hull at the extreme ends is left unprotected. 
The upper deck is 1 inch/thick amidships, and 114 inches to 1 inch over 
the rudder. Forward and aft are 1-inch bulkheads, and the combination 
of subdivision and bulges should permit of the ship remaining afloat with 
a large number of compartments flooded. The accommodation for of- 
ficers and crew in the Raleigh is perhaps slightly better than is usual with 
this class of ship. A recreation room forward under the upper forward 
gun is an innovation in this class of vessel and the headroom of 8 feet 
between decks makes for ventilation and general comfort. 

During the construction, it was decided to ensure a good speed by in- 
creasing the power to. 70,000 shaft horsepower, to which end the four 
coal-fired boilers had their capacity increased. by suitable modifications to 
the oil-firing equipment, and the necessary alterations were made to the 
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turbines to take, the Jarger quantity of steamy'generated: ‘The machinery 
presents, features of ‘interést:as showing the solution! adopted to install 
such: a large power in the very limited: space available. ‘There are alto- 
gether; 12; -boilers+eight.-oil: fired:.and’ four coal and: oil-firéed; ofthe Yar-= 
row -water- :type’ The: ne oil-fired: boilers ‘have: 7,650! square: feet 
of, heating: surface :each.|; The: figures: for: the: boilers rising: ‘coal)and: oil 
are: 4,675 square: feet of heating surface and:77-58 square feet grate area 
each. The latter, boilers are located in» the aft boiler: room; The general 
arrangement of boilers, back:to back in. the forward. and aftermost: boiler 
rooms, (but; with, the firing: platform::in’ the center in the» middle boiler 
room, facilitates the lead of the uptakes to:the two: funnels... To»the larger 
funnel, the uptakes from ‘six oil-fired-boilers are led, and to the other the 
uptakes: are taken, serving two oil-fred and four coal-and. oil: boilers. 

The main machinery consists of four identical. sets—two | port and two 
starboard, each of three turbines of the Brown-Curtis: impulse t 
cruising. turbine is connected by a clutch direct: to the: forward en of each 
high-pressure turbine, which: is connected in turn by a flexible coupling 
to the high-pressure pinion of the single-reduction double-helical,.gearing. 
The low-pressure turbine, is similarly, connected: to ‘its: gearing.:; rape 5 
and 6 give general views: of the two sets of four. turbines showing) the 
turbines lined up to their gearing in Messrs. Beardmore’s shops: for steam- 
ing and balancing. In Messrs. Beardmore’s engine shops the appliances 
available for testing the turbines..under steam and the gearing at full 
speed are particularly complete. A battery of boilers of ample capacity 
and the necessary. condensers, air, circulating, and forced lubrication 
pumps are installed. In Fig. 6 the gear-case and gearing are more dis- 
tinctly shown,:the top: part of the gear-case being lifted up and supported 
on columns~and. the pinion: covers: removed, so. that the pinion) with :its 
bearings! as -well..as the maiti gear ‘wheel canbe clearly. seen. ‘The: two 
outer: propellers are: driven, by machinery. in, the forward: engine room, 
and thé two:inner fromthe after. engine room. The: speeds of;-the: tur 
bines at full power are for the high-pressure: 3,200 pics per: minute, 
and the low. pressure. 2,150 revolutions: per minute, with the propeller run- 
ning at: 420 revolutions. per minute. All the shafts are fitted with Michell 
thrust »bearings.» A’ similar type of! bearing is provided for taking the 
steam thrust! of the turbines: 

With this class, of ship the auxiliary equipment forms a very important 
part: of the whole machinery... The most important ‘items of the present 
installation are as follows: . Fifteen Weir's feed pumps,.ten main and 
five. auxiliary.: For the three boilet rooms there are; 12 steam: engine- 
driven fans, supplied by Messrs. Paul, of Dumbarton. The oil fuel pumps, 
heaters and filters are accommodated in the boiler rooms; four Weir’s dual 
air pumps and two Allen’s circulating engines and pumps are disposed i a 
each engine room, , For electric power and.light there are,two Allen 

mos driven by compound reciprocating. engines.of a capacity of 105, “lo- 
watts in each engine room. main.steering engines. of Bow and Mc- 
Lachlan’s:-build,.are located. on. the rage bulkhead of the. after 
room, and. are.each.of the three-cylinder. Riper ON 88 one: easing ‘being ample. for 
the power and the other being a standby. ry, steering gear the 
Hele-Shaw.electric type, is installed i an an. peg pal ing com t 
aft, Due-to-a-recent decision that this ship should be a flagship i in trop- 
ical-climates, extra ayaa chinery was. installed, 

The. vessel. was taken to the, Tail of the Bank on Sunday, September 5, 
and there commissioned, for. n Monday she proceeded down ‘ie 
Firth for her preliminary progressive and Yall eh trials, whieh were 
thoroughly satisfactory, and final progressive trials, working up to full- 
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power trials of 4 hours’ duration, were run successively on’ Tuesday, 
Wednesday and Thursday, September 7, 8.and 9. The various powers’ at 
which these trials were carried out were 3,000, 8,000, 15,000, 24,000, 35,000, 
55,000, and: full power of. 71,350 shaft horsepower. At full ~power' the ¢x- 
cellent speed of 31 knots was attained as' measured by four singte' runs on 
Arran:double mile. On ‘the progressive trials the cruising’ tarbities were 
thoroughly ‘tested, and the records of:steam and oil: consumption go’ to 
show a saving of oi! fuel of some 15 per cent to 20 per’ cent at the.éco- 
nomical. cruising speed of 16 knots’ to 17 knots, due’ tothe extra’ expan- 
sion of the’steam possible by utilizing the cruising turbine at the forward 
end ofthe high-pressure turbine. A remarkable feature of the perform- 
ance of ‘the ‘machinery with thisvessel was the fact that ‘with’ one-half 
the nominal: power, that is, 35,000 shaft horsepower, a speed of 28 knots 
was measured on the course. vei LMU Sest « $i! 
During all these trials the ship proved herself a remarkably: steady gun- 
‘platform and, ‘except: on the steering flat aft» above the propellers, ‘there 
was little evidence that anything like such high speeds were being’ attained. 
The machinery ran remarkably well and the noise of the gearing. was 
not ‘obtrusive.: On Saturday, September’ 11, theRaleigh left for’ Devon- 
port where she will be finally completed for her commission as flagship — 
“Engineering,” September 24, 1920. ris tyat 


NEW COAST GUARD CUTTERS.”* “©” 


Four Coast Guard’ cutters, the best vessels of their type ‘ever laid down 
for ‘the United States government, are: building at the yard-of the Union 
Construction» Company, Oakland: The: addition of these» vessels to: the 
Coast Guard fleet will be welcomed by American shipowners, who had: be- 
come deeply concerned at the low state inté which: the service hadifallen, 
due to’ the lack of vessels. Both the American Steamship Owners’ Asso- 
ciation and the Pacific-American Steamship Association; ithe two: important 
societies of owners and operators, had ‘supported| a movement ‘to amalga+ 
mate the Coast Guard’ service andthe Navy, in the belief that: the ‘union 
of the two closely related services would result’in a marked: improve- 
mefit; the adjournment of Congress, without’ action::on: either of two 
bilis providing for the: amalgamation, leaves: the ‘question: still iunsettled ; 
but, regardless of what Congress does in regard to the: proposal, the new 
cutters will be a most important addition tothe facilities forthe protec- 
tion of shipping. ro eres Mi ok Yiot aint ts 

heteae AVERAGE AGE NINETEEN YEARS... ie ge 

“At the présent’ time, the Coast’ Guard service ‘has twenty cruising ‘ves- 
sels, the average age’of which, however, is finetéen ‘years and the aver- 
age spééd only twelve knots. Twelve of’the vessels, ‘says'a metnorandam 
drawn’ by Robert F. Hand, assistant manager of the foreigti'shipping de- 
partment, Standard Oil’ Company ‘of ‘New Jersey, are more’ than ‘twenty 
years’ old, and’one vessel; the Bear, was built in 1874. “When Mi,-Hand 
dréw up his tetiorandum’ (in May) five ‘of ‘the ‘cutters were laid’ up, 
some because there was no moriey with which to’make ‘repairs, and others 
because of insufficient’ complements for ‘their operation.’ ‘During the’ war, 
too, the McCulloch, Mohawk and ‘Tampa, all first-class vessels; were’ lost. 
All ofthese facts’ explain’ Why ‘the construction of ‘the new’ cutters ‘is of 
more than ‘usual interest. ‘' . Sere CV AORDUS 3 cit 
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The four-cutters will be relatively short (240 feet over-all), which per- 
mits buildijg two on the same way. The first pair probably will be 
launched late this year and the second pair will follow within a few 
months. Inthe awarding of this contract to the Union Construction Com- 
pany the Coast Guard service paid the yard a high compliment, because 
quality of work is much more’ important than price. 

Besides the cutters, a sea-going tug also will be built by the Union 
Construction Company. These five vessels, and the Standard Oil Com- 
pany’s Diesel tanker Charlie Watson, the Jatter of which was launched 
in August, Will be among the more interesting new works of the year on 
the Pacific Coast. The Charlie Watson was described at length in Pa- 
cific Marine Review for January, 1920. 

These are the general specifications for the feiib. new cutters: Length 
over-all, 240 feet; length on water-line, 220 feet’ beam molded, 39 feet; 
depth at side, amidships, top of ‘keel to upper-deck sheer, molded, 25 feet 
six inches ; displacement at about 14 feet-mean draft, with 90,000 gallons of 
fuel oil, 24 ,000 gallons of fresh water and 35 tons of stores, 1,600 tons; elec- 
tric main drive, turbo-electric generator, single screw; estimated shaft 
horsepower, 2,600; two watertube boilers, 200 pounds working pressure; 
speed on trial, about 16 knots. The approximate cost of the four cutters 
and the tug* will be $3,500,000. 

One steam turbine, direct-connected to an alternating current generator, - 
the generator furnishing current to drive a synchronous motor on the 
main shaft, make up the propelling machinery. This will be manufac- 
tured by the General Electric Company: The maximum steam pressure 
at the turbine will be 200 pounds’ gauge, with 75 degrees superheat and 
exhausting at 28-inch vacuum. The main generator will be a three-phase, 
two-pole alternating-current generator running at about 3,000 revolutions 
per minute, ‘with an output of about 2,040 kilowatts at 2,300 volts. There 
will be one: synchronous motor, 46- pole, 2,600 horsepower, 130 revolu- 
tions ‘a minite, 2,300 volts, 50 cycles. 

Two Babcock & Wilcox watertube boilers will ae steam for the 
turbine. These boilers will be constructed for a working pressure of 200 
_pounds a square inch and from 50 to 75. degrees superheat. Exclusive of 
superheaters, the boilers will havea total heating surface of 5,800 square 
feet; will have the closed stoke-hole system of forced draft; a total fur- 
nace volume of 600 cubic feet; and. will be fitted for burning oil, eight 
oil-burner units to be installed. These tast will be of the mechanical- 
atomization “type. The condenser will have 3,600 square feet of cooling 
surface. One thousand gallons of fresh water daily will be the capacity 
of the evaporating plant. 

The propeller will be of cast steel, four-bladed, and 13 feet in diameter. 

Both the hydro-electric steering gear” and the steam windlass will be 
built by the-Hyde Windlass Company. ; 


10 HAVE. FIVE DECKS. 


There will be five decks in the cuttérs : berth, main, upper, sister todee 
ture and bridge. Over the bridge and chart room will be a platform for 
searchlights: and the compass. For the’ officers and crew compartments 
will be proyided as follows: cabin, wardroom, warrant officers’ mess- 
room, staterooms, petty officers’ quarters, offices: and messroom and quar- 
ters for the-crew. 

A 30-inch: searchlight will be installed over each wing of -the bridge, 

control being of the pilot-house type, and each searchlight being on an 
individual circuit direct from the switchboard in the engine-room. On 
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the superstructure deck amidships wilh be two sets of swinging davits and 
four. other sets of the rotating type will be placed aft. There will be one 
mast, with the aerial spreader 130: feet above the ‘water-line; and a 26- 
foot. cargo boom having: a working capacity of 10,000 pounds. A’ pair of 


cast-steel towing bitts, 16 inches in: diameter, will be located on the main 
deck. aft: 


90,000 GALLONS OF FUEL, OIL. 


Three fuel-oil tanks will have a net capacity in service of about 30,000 
gallons each, a total of 90,000 gallons: Under the boiler-room and the af- 
ter end of the engine-room, in the double-bottom compartments, will be 
the reserve feed-water tanks, those below the boiler-room having a capa- 
city of 11,000 gallons, and those below the engine-room, ‘2,500 gallons; a 
total’ of 13,500 gallons. Each of the two fresh-water tanks will have a 
capacity of 5,250 gallons. Except the portion for reserve feed-water, the 
double-bottom compartments’ under the engine-room-will not be used. 

A steam capstan windlass, with horizontal wildcats, will be capable of 
hoisting a 4,000-pound anchor and thirty fathoms of chain cable ‘at a rate 
_ of six fathoms a minute. The following anchors will be’ provided: 
stockless cast-steel bowers, two weighing 4,000 pounds each and one 
weighing 2,500; stock anchors, one’ 750-pound stream and one 400-pound 
kedge:. In the upper engine-room will be the steering-engine, which will 
be capable of putting the rudder from hard over to hard over in twenty 
seconds while the vessel is moving at full speed ahead, and from hard 
over to hard over while she is moving at full speed astern. The rudder 
itself will be of a special design to withstand’ the shock of possible 
grounding while the vessel is maneuvering in shoal water, and will have 
a maximum swing of 42 degrees to each side. 

In addition to the usual equipment of voice tubes, an intercommunica- 
ting telephone system will be fitted, connecting the chart-room, engine- 
room, radio-room, cabin, wardroom and executive officer’s office. 


FIFTH VESSEL A TUG, 


The specifications require a dock trial of four consecutive hours at full 
power; a standardization trial of between eight knots and full speed; and 
a full-power trial of four hours, the weight of the vessel to be practically 
that in service condition. 

The fifth vessel will be a sea-going tug with reciprocating engines of 
1,000 I. H. P.—“ Pacific Marine Review.” 


COMBUSTION MOTORS FOR WARSHIPS. 


In a lecture delivered before the “Institution of Petroleum Technol- 
ogists” on the oil question, Rear Admiral Dumas of the English Navy 
estimated ‘the yearly production of crude oil at about 75,000,000 tons. 
This amount by no means meets the needs, therefore every effort must’ be 
made to economize in oil. This is of especial importance also to the fu- 
ture development of warship construction, for within’ a short time the 
question must be considered as to whether large and costly battleships 
shall ‘be retained or be replaced by vessels of a° smaller submersible type. 
A-type of this kind could be easily designed through the introduction of 
combustion motors. “Save oil; be economical ‘with it!” he urged upon his 
hearers. “If for nothing else; we shall need it for future wars, which— 
take my word for it—will come in spite ofall efforts of ‘the’ host of 
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geniuses in Paris who declare war on war and wish to make it impos- 
sible. in the future. In the present conditions of peace lie the elemients 
for a dozen wars. The last war was won from beginning to end by oil— 
at sea, on land, in the air and in the trenches. The country that has the 
largest oil reserve will win in the future.” 

In these statements, very interesting also for Germany and to which 
ene will be able to assent only as regards their clear and practical con- 
ception of the case, the Chief Constructor of the British Admiralty, Sir 
Tennyson d’Eyncourt, has viewed the matter only as it: relates to tech- 
nical problems. He states that he cannot concur in the opinion that the 
time has come to. discard the battleship, but that-he would consider it a 
long step forward if it became possible to: perfect the combustion motor 
and so to increase the power developed in its cylinder that its weight 
could be reduced. proportionately to about that of an airplane motor. It 
is unfortunately not entirely clear whether the English Chief Construc- 
tor had a definite technical problem.in mind, or at feast saw a way practi- 
cally to attain the step forward indicated by him or,whether he was 
merely expressing an earnest wish born in the minds of naval .construc- 
tors who regarded the engine practically as a necessary evil and would 
like to allot to it the smallest possible weight out. of the available dis- 
placement. The technical. paths which seemed the only ones open: in the 
efforts thus far made to adapt the combustion motor to warships, cannot 
be considered in an effort to attain the reductions in weight suggested 
above. 

The light weight of.the airplane motor is possible, for one thing, be- 
cause of the very high rate of rotation, its manner of working which re- 
quires only comparatively ‘small.maximum pressure, and finally because of 
the very great demands upon all structural parts whose lifetime is but 
short, while long periods of continuous running are required only in ex- 
ceptional cases. All this fits in very badly with'the conditions of warship 
design. The high rate of rotation would, if we hoped to attain a satis- 
factory screw efficiency, require a strong transmission system which with 
the present status of our knowledge could be operated only hydraulically 
or by electricity; anyone who has ever seen. how severe the. wear can 
be, under certain circumstances, resulting from the. irregularity of. the 
rotating moment of combustion motors upon . even the .comparatively 
slightly stressed gear wheels—for example the steering gear used with 
Diesel motors and the like—will scarcely be inclined to view the em- 
ployment of mechanical transmission drive in connection with high-ef- 
ficiency piston —— as a possibility. Moreover, the high rate of revo- 
lution of airplane motors is possible only because comparatively small 
units with light pistons, etc., are dealt with, and hence the mass effects 
are but slight. A Diesel motor of ten thousand horsepower, ‘consisting 
of 6.or 8, in my opinion also 10 cylinders, which could run at the rate 
of. one thousand revolutions per minute, would be so fantastic a design 
that the very pen of.the draughtsman would rebel at being required to 
record such a plan., It, therefore, seems hopeless to attempt to reduce 
the weight of such large motors.as will normally be required for driving 
warships, to approximately that of airplane ‘motors by increasing the 
numberof revolutions... -, 

The. material. stresses, also, which are regarded as permissible in air- 
plane motors cannot be transferred to the motive machinery of ships of 
the ordinary . sort; Many. readers will propably. still remember what a 
great mistake was, made in trying to use automobile motors for:propelling 
boats, without special adaption; the result of an, attempt of this sort to 
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disregard the difference of the working conditions and thus proceed: in 
an ‘unprofessional manner, was an endless succession of break-downs 
which very unjustly were charged to the motor and delayed the rapidity 
of its introduction. 

It would be equivalent to learning nothing from such mistakes if one 
were to admit demands approximating those customary in airship de- 
signs in the construction of warship engines in an effort to introduce 
combustion motors of ‘high efficiency; the sins of the constructor would 
be visited upon the motor, and there would be no better means of  defeat- 
ing this entirely hopeless course of development ‘than just such a pro- 
cedure. 

And now, what about the manner of working of marine engines? Any- 
one today undertaking to design a warship with combustion-motor drive 
—unless he had under consideration a boat or other small craft of com- 
paratively limited ' efficiency—would scarcely give serious thought to any 
other type of engine than the Diesel motor. Gas engines, to which con- 
siderable thought was given some years ago in England—TI will :merely 
mention: the projects of Mr. McKechine—do ‘not enter into the question 
for. the reason that they require gas producers with many additional de- 
vices which scarcely offers any advantage over the boiler installations of 
the present day because they are heavy and: cumbersome, and because 
even small leaks in the piping are a danger to the health and even the 
life of the crew. é 

A great deal has been written concerning the progress being made -with 
gas and oil turbines, but very little has come to light. : They are today 
far from being sufficiently developed for serious projects to be’based upon 
them; and it is doubtful if’in respect to weight they will’ offer any ad- 
vantage worth mentioning over the engines of modern warships; “A: re- 
duction of their weight to that of airplane motors:is in any case to be 
regarded as impossible.:. Explosion: motors, however; which have a lower 
working pressure than Diesel motors, have not as) yet attained an effi- 
ciency above’ 500 horsepower and hence cannot be considered for: use in 
warships. . The Diesel motor, therefore, is the only one remaining with 
which efforts are being made in various countries to develop it to:a high 
efficiency without, however, any details of a reliable nature having become 
known concerning the results obtained. With the Diesel motor, however, 
it would bea hopeless undertaking to attempt to attain the weight hoped 
for by Mr. Tennyson d’Eyncourt. 

It, therefore, appears that the enormous “step forward” of.'which the 
English chief constructor has: spoken is, and is destined to remain, but a 
devout wish. And yet there is a: way by which the end sought may: be 
at least approximately attained within reasonable time, a way which today 
perhaps would excite ridicule, but which nevertheless leads to possibili- 
ties deserving of careful consideration. The Diesel motor, with its high 
working pressure, drops out of the race, and the explosion motor capable 
of being manufactured with a much smaller weight takes its place. It is 
today. merely .a question of time and necessity before explosion motors 
will be built, having a high rate of revolution and developing 1,000 horse- 
power in 6 or.8 working cylinders. For continuous working the total 
weight of such motors cannot be reduced to that of airplane motors 
(1.5 kg. per horsepower and below) but may perhaps be brought to about 
three times this, amount, which would keep the mass effect of the moving 
parts within permissible limits... Zealously pursued experiments are under 
way, in various countries, striving by different means to attain the same 
end; namely, to burn heavy oil in explosion motors with efficient and 
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smoke-free combustion. If! these two: requirements are met, a latge num- 
ber of motor dynamos can be assembled on board ship in a single electric 
central: _These would have to transfer their current to motors: rigidly 
connected with propeller shafts and located as far aft in the ship as: pos- 
sible, and: whose armatures would rotate with the same number of revolu- 
tions as-are designed. for the propellers. Motor dynamos of slight weight 
are also comparatively small; a whole series of them could be installed 
in the ship, side by side, separated: by bulkheads: if need be, and an ar- 
rangement of several tiers one above: the other, or even a distribution at 
different points quite widely separated for reasons of safety, would also 
be possible. Reserves could easily be maintained. If, for example, the 
ship is required. to develop 40,000 horsepower; fifty to fifty-five: motors 
of 1,000 horsepower each—or more if the margin of safety in running 
demands it—would. have to be built in. The motor dynamos kept.in reserve, 
with due regard to working efficiency of transmission, would make it 
feasible in continuous running, systematically and by series, always ‘to 
allow a portion of the fast-running engines to rest, to be inspected and 
overhauled. The adaptation for cruising speed would be perfect, and 
economy in operation, equally good for great and small output of power. 
All the: auxiliary machinery of such a ship would naturally: be driven 
electrically; the current for this purpose would be: derived: either from 
the main central, which would: have to be correspondingly larger, or be 
furnished by special motor dynamos. 

A. project of this. kind will probably. at first not be looked upon with 
great favor by naval architects, Aside from many other objections which 
might be raised against it—the high cost of manufactures would be one 
essential point—the mere. fact that 50 motors of six cylinders each 
amounting in all to 300 cylinders with pistons, valves, transmission rods, 
etc., would have to be installed on board would cause cold shivers to run 
up and down the spine with many. But if we consider the complexity of 
modern steam turbines with their innumerable blades, each one of which 
harbors the possibility of a break-down, or if we think of the boiler in- 
stallations of modern battleships with their pumps and other accessories, 
the proposed solution will not be found to be altogether so extreme. 

It does not come without the purpose of the present article to make a 
thorough study of the project and to consider all its pros and cons. We 
merely wish to indicate the path whereby it will be possible, with the 
means at hand, to approach the great “step forward” that Sir Tennyson 
d’Eyncourt, of the Institution of Petroleum Technologists, has suggested 
as a worthy object for our endeavor. Can it be that similar thoughts 
were in his mind when he spoke?—‘“Schiffbau.” 


—_—_—_ 


INTERNAL COMBUSTION ENGINES. 


As long ago as 1912 Lord Fisher had come to the conclusion that oil 
was the naval fuel par excellence, not as a mere substitute for coal in the 
furnaces of steam-driven ships, but as a prime mover itself: So enam- 
ored was he of the internal combustion engine that he at once designed 
a battleship, which he named the Nonpareil, to be propelled by this type 
of machinery. She was to have had a low freeboard and the minimum of 
superstructure, sans funnels, masts, etc., reducing the area of target by 
one-third, and carrying enough oil to take her round the world. While . 
it is very doubtful whether the oil engine of 1912 would have been suf- 
ficiently reliable to install in a big battleship, such’ remarkable progress 
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has been made since then that there would be no technical ‘difficulty in 
building a Nonpareil today, though her speed might leave something to 
be desired, It is ‘a complete ‘error to suppose that the British naval 
authorities are ignoring the possibilities of the marine. oil-engine. Since 
the establishment of 1917 of the Admiralty Engineering Laboratory a 
great deal of experimental work has been carried out, with the résult that 
today Great Britain is little if at all behind Continental manufacturers in 
respect of internal-combustion engineering—‘ The Naval and Military 
Record,” July 21, 1920. : 


RAPID BRITISH PROGRESS. 


One illustration of the British progress in the past three years was 
given by Eng. Com. C. J. Hawkes in his paper read before the Institution 
of Naval Architects at Liverpool. He explained that, whereas during the 
war the Germans had submarine engines developing 300-brake horsepower 
per cylinder, the standard in this country was only 100 brake horsepower ; but 
in 1918 several British firms were asked to produce designs of single- 
cylinder experimental engines of from 300 to 400 brake horsepower, and 
one of these engines is now approaching completion. But, even though 
this threefold increase in power per cylinder should prove attainable, ‘it 
does not follow that the oil-engine will forthwith be adopted for the 
propulsion of capital ships. Our latest battleships, the Royal Sovereigns, 
require 40,000 horsepower to drive them at about 23 knots. If Diesel en- 
gines were substituted for the turbine, an installation of equal power 
would have to consist of at least 134 cylinders in éach ship, and the 
breakdown of a single unit would necessarily lead to a corresponding re- 
duction in speed. This is one of the principal reasons why the appear- 
ance of the Diesel-driven battleship may be postponed for several’ years, 
or until such time as the power generated in each cylinder has again been 
largely increased. It should be noted, too, that experience to date with oil- 
engines in smaller warships has not been ‘altogether encouraging. Ac- 
cording to.an official statement, the three Dutch gunboats Brinio, Friso, 
and Gruno, which are propelled by oil motors, have not given satisfac- 
tion, and their replacement by steam ‘engines is now under consideration. 
But against this adverse verdict must be set the fact that several large 
motor merchant ships have been operating for years with complete suc- 
cess. It is. probably well within the truth to say that the marine oil- 
engine in its present stage of development is at least equal in efficiency to 
the steam engine for vessels of moderate speed, but that it is ‘not yet 
sufficiently advanced to compete with the steam turbine for the propul- 
sion of large high-speed ships—“ The Naval and Military Record,” July 
21, 1920. 


MARINE REQUIREMENTS. 


How often the phrase “suitable to, or in keeping with, marine require- 
ments” meets the eye! There can ‘also be related numerous examples of 
types of machines applied to some duty in connection with the propul- 
sion of ships, which, in spite of a very considerable record of. successful 
performance with land installations, did not give the requisite ,satisfac- 
tion at sea and were rejected as unsuitable. The marine market is a 
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large one, and is continuously being. assailed by those responsible for the 
development of mechanical novelties designed to give increased economy 
of fuel, with perhaps, in addition, an augmentation of the cargo-carrying 
capacity of the ship or some other important advantages. It would, there- 
fore, be of considerable interest if these conditions could be. stated. 
analyzed and reduced to simple terms in the light of which any proposal 
for marine work could be critically examined: Such synthesis would 
also serve to guide enthusiastic pioneers anxious to capture a share of the 
marine work, who often themselves have little actual experience of sea- 
going conditions and by rushing in where others fear to tread, do harm 
by retarding the ‘Progess and application of an innovation possibly hav- 
ing many potentialities. Merit in the long run will undoubtedly. win 
through, but the process of application will certainly be expedited by a 
careful survey of the particular and unique conditions which must rigidly 
be met. Naturally, these cannot be specified in an absolute sense. For 
instance, degree of reliability is a relative quality. It is obvious that for 
marine work the utmost security in this direction must be attained, and 
the risks which can be taken whatever the prospective gain, are only a 
small percentage of those possible with shore plants. The complete stop- 
page of a land plant at the very worst, rarely causes other than tem- 
porary inconvenience and slight pecuniary loss. Quite generally spare 
machines or alternative methods of obtaining power are available to fill 
the gap. In any case, the best technical guidance. and assistance and un- 
limited resources can almost immediately be applied to effect a speedy 
repair.. The number and extent of spares kept on the spot is only lim- 
ited by the question of first cost, but in any case despatch by rail and 
often by passenger train is available. 

The. marine case involves other considerations.. Firstly, the spares 
carried are equally limited by considerations of cost. It is further useless 
to carry spares that cannot readily be shipped into place by the only lifting 
and handling gear available, generally chain blocks and tackle. No ex- 
ternal assistance can be relied upon in the event of a breakdown at sea, 
the ship’s engineers. must draw entirely upon their own resources with- 
out the assistance of plant other than at best one or two small machine 
tools, an anvil, and the like. This, however, is: not the most important 
issue, Not only is the safety of the whole ship involved, but life may | 
endangered by a complete breakdown. The financial loss consequent 
upon a breakdown at sea is not measured as is quite often the case on 
land, by the difference in cost between the power generated by the ma- 
chine which has broken down, and that used to take its place plus the sum 
of the expenses of the actual replacements, but is represented by the loss 
of earning capacity, together with the dock dues, etc., plus the cost of re- 
placements often under conditions making for high charges under this 
heading. Salvage dues, as is well known, are heavy, and many examples 
of splendid and ingenious performance by marine engineers with a view 
to their avoidance could be given. . Before detailing certain of the more 
important considerations making for the utmost degree of reliability, some 
of the other factors which must be taken into. account may be stated. | 
Reliability of running continuously is not of greater importance than a 
complete readiness of the machinery to respond without fail to the de- 
mands of ‘maneuvering of the ship in respect of starting, stopping and 
reversing: Economy: of: fuel, lightness and capacity for-absorbing small 
space are most valuable assets for marine work, but these advantages are 
very quickly negatived if reliability is in any way sacrificed. 
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Marine machinery does not operate on a solid platform. A ship is a 
flexible structure, and so the question of rigidity of bedplates and align- 
ment of shafts must be viewed from this standpoint. ‘The rolling or 
pitching of a ship in a heavy seaway makes relatively difficult the lightest 
duty, so that those parts requiring regular attention should be readily 
accessible, in view especially of the fact that the average engine-room is 
sometimes. not too well illuminated. Those parts requiring dismantling 
for examination, or refit, from time to time, should be easily accessible 
and designed for ready handling with the appliances available. In. every 
case where periodic inspection might give warning of impending trouble, 


that attention must be facilitated to the utmost. The scantlings of the . 


design must take account of the stresses imposed by the ‘uneven running 
of an engine with the ship in a heavy seaway, and the impossibility of en- 
suring always for that degree of dryness and cleanliness possible in land 
stations. should be legislated for... Where spare gear is carried, it must 
be possible to ship any part into. place with the least delay, since time is 
often a more vital factor afloat than ashore, as when a ship is stopped off 
a lee shore.. A marine engine is neither a constant speed nor a constant 
load machine, Its speed varies with many conditions—the loading of the 
ship, the weather, whether in a sea way or in smooth water, against head, 
beam or following winds, and again, when- towing another vessel. All 
these factors influence the ratio of power and speed of revolution and call 
for a high factor of safety, the utmost accessibility and handiness. 

This. subject of marine requirements has only been treated very briefly, 
but sufficient has been said to show why, for instance, the relatively un- 
economical reciprocating steam engine for so long has held, and continues 
to hold, the marine field. It fulfills all the particular conditions of marine 
requirements. to a degree not yet surpassed by any other prime mover, 
and when challenging its position, success will be more certain the greater 
the attention that is paid to the essential features, a number of which have 
been enumerated. #53 

Surprise has often been expressed that the water-tube boiler makes 
such slow headway in the mercantile marine. The old cylindrical Scotch 
type remains the standard. The large quantity of water under pressure 
and in circulation, and the relatively large volume of.steam contained in 
the. steam space with this standard type gives virtues in security of oper- 
ation under all conditions at. sea, and enables, when maneuvering, for in- 
stance, the fluctuating demands in regard to power and speed of engine, 
to. be immediately met. Again the record of satisfactory performance 
with the Scotch cylindrical steam generator is an argument of the utmost 
potency where marine engineers are concerned. Many schemes to over- 
come the prejudice towards water-tube boilers have been propounded, and 
for certain duties, where their quick steam raising properties, light weight 
and small space occupied are important considerations, they will be in- 
creasingly applied in the future. Only those types of watcr-tube genera- 
tors specially designed for marine work, however, can hope to succeed in 
the final issue. No less.important than the main steam engines and the 
boilers, are the many auxiliaries upon which they depend, and it is per- 
haps in this field particularly that innovations are constantly being put 
upon the market. The immediate success of certain recent devices and 
accessories goes to prove the willingness of the marine superintendent 
engineer of today, to try out novelties, provided it can be proved and rep- 
resented. that they fulfill. the essential tenets of marine requirements,— 

“ Engineering,” 
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NAVAL ENCINEERS. 


Hener Posts to BE OpeNep IN THE SERVICE. 
ADMIRALTY ’S NEW SCHEME. 


In the statement of the First Lord of the Admiralty explanatory of 
the Navy Estimates, 1920-21, it was pointed out that final separation be- 
tween the officers of the deck and engineering sidés of the naval service 
was necessary. These words were used: “There is a defiriite distine— 
tion both as regards knowledge and capabilities between those who are to 
be trained ‘in the science of naval war, and strategical and tactical methods 
of fighting and those who are to deal with the upkeep and maintenance 
of engineering ‘and mechanical appliances which are necessitated by the 
complex machinery and weapons of modern war. Each side requires a 
special study, and for this reason final separation of the branches is es- 
sential.” At the same time, the importance of close co-operation be- 
tween the deck and engineering branches was emphasized. In a state- 
ment issued by the Secretary of the Admiralty on Friday, it is pointed 
out that separation being accepted, the prospects of each branch should 
be’ such as to maintain high efficiency in the personnel composing the 
branch. So far as the deck side is concerned this is allowed for by the 
prospects of high command opened up, but on the engineering side it can- 
not be said that this is fully the case, and, with the exception of the 
office of the engineer-in-chief and certain technical appointments, there 
are comparatively few higher posts. There is a danger, therefore, that 
under existing conditions the engineering side may fail to attract its due 
proportions of officers of ability, and the service will suffer in efficiency 
accordingly. 

Since ‘the statement of the First Lord this matter has received ‘con- 
sideration, and the steps outlined below have been taken :— 


ENGINEER-IN-CHIEF: 


The erngineer-in-chief at the head of the naval engineering profession 
has up to the present been under the Third Sea Lord and Controller. 
His primary responsibility was design and supply, his department being 
organized to meet the requirements of design and supply. Whilst retain- 
ing his responsibility to the Controller as above, it has been decided that 
in future the engineer-in-chief shall be responsible to the Chief of the 
Naval Staff for advice on all matters in connection with naval engineer- 
ing policy. He will work in close touch with the Naval Staff, being thus 
conversant with the trend of naval policy and being in a ‘position to 
frame his engineering plans to meet the requirements of policy. It has 
further been decided that the engineer-in-chief shall be the Board’s prin- 
cipal adviser upon all questions relating to the instruction and training of 
engineering personnel, he being for this work directly responsible to the 
Board through the Second Sea Lord. Thus the office of the engineer-in- 
chief as head of the engineering side of the naval profession will have éx- 
tended scope, and the department of the engineer-in-chief will offer posts 
of the highest admiristrative importance and responsibility for senior 
engineer officers. 


ADMIRAL—SUPERINTENDENTS. 


After the engineer-in-chief, the most important ‘positions in the naval 
service of a technical and administrative order are the posts of admirals- 
superintendent, responsible for the administration of H.M. Dockyards. 
Hitherto only officers from the deck branch have been eligible for this 
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service, but it is,intended that. in the future, when officers :of the common 
entry or special-entry systems, who have joined: the ‘engineering ‘branch, 
have attained high rank, that’ these officers also should be considered with 
deck officers’ for-these positions. Should: the admiral-superintendent: be 
such an ‘officer, the principle would be adhered to ‘that ‘he would ‘not be 
eligible to command the port, since’: command of the port:imtime of ‘war 
deals with operations, the province of the deck officer. 


REVERSION TO DECK DUTIES. 


The Board have also had under consideration the rule under which 
lieutenants who have had one year’s experience as watchkeepers before 
specializing in‘ engineering “are allowed to retain the right of military 
command until between 714—9 years’ seniority as lieutenants, when 
must decide to remain at engineering or révert to deck duties. The duties 
of lieutenant (E) are becoming more and more exacting, and it is con- 
sidered that in the future it will be impracticable to give effect to rever- 
sion to deck duties after a number of years spent on engineering duties. 
It has consequently been decided that the option of reversion to deck 
duties should now be withdrawn altogether from officers who volunteer 
for engineering duties in the future. Officers who have already volun- 
teered will remain under the existing rules. 


FURTHER POSITIONS. 


To investigate the possibilities of carrying further the separation of the 
work of strategy and tactics from that of upkeep and maintenance, a 
committee is now sitting on the question of transferring the responsibility 
for upkeep and maintenance of electrical machinery in H.M. ships from 
the torpedo department on the deck side to the engineering department, 
and thus, apart from other considerations, opening up further positions, 
both in the junior and higher ranks, to officers who have chosen. engineer- 
ing duties as their career in the Navy. A decision will be promulgated as 
soon as possible after the report of the committee has been received and 
considered.—“‘ The Naval and Military Record,” July 21, 1920. 





THE COMMON ENTRY SYSTEM. 


“In reckoning up the leading factors ‘that brought us. victory in the 
late naval..war I would place engineering efficiency among the foremost. 
Deck officers learned to place implicit reliance in the engineers, and never 
once did they let us down. If I were asked to explain this high standard 
of perfection in the engine-room, I would attribute it mainly to the in- 
creased sense of responsibility which the engineering branch has gained 
since the introduction of the common entry system. Apart from its 
effect. on technical efficiency, that system has proved invaluable .in. bring- 
ing officers of the deck and engineering branches closer together and fos- 
tering the spirit of reciprocal support which is. the real key to. victory.” 
The foregoing words, uttered recently by a flag-officer. who held. important 
commands throughout the war, have a special interest in view of the new 
development in Admiralty policy with regard to. the naval engineering 
branch. As we observed last week, the latest modification does not af- 
fect the basic principle of common entry, and we do not accept the view, 
held in some quarters, that it represents the thin end of a wedge 
destined eventually to split the Selborne scheme asunder by; reviving the 
system of separate entry for engineers that prevailed up to 1903... Were 
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such an intention to be mooted we should oppose it as being gravely det- 
rimental to the interests of the service. The common entry method has 
triumphantly withstood the supreme test—that of a prolonged and most 
exacting war—and the case for its perpetuation is unassailable. More- 
over, the present Board of Admiralty have’ publicly declared their con- 
fidence in the merits of the existing arrangement. When announcing the 
contemplated division between the deck: and engineer officer after each 
has definitely chosen his sphere of specialization they pointed out that each 
branch must understand and sympathize with the requirements of the 
other. “In the exercise of strategy and tactics it is necessary that there 
should be full understanding of the engineering and mechanical possibil- 
ities and difficulties, and how. such difficulties canbe: overcome. On the 
engineering side it is equally necessary that there should: be an. under- 
Standing of the requirements of.the strategist and tactician, in, order that, 
so. far as practicable, his requirements may be met and perhaps antici- 
pated.” It. was added that “by means of the common entry system and 
training under a similar system until about the age of 20, when the rank 
of.commissioned officer is reached, it is. believed that this sympathy and 
understanding between deck and engineer officers will be fully and com- 
pletely obtained.” ; 

It cannot too often be repeated that the outstanding merit of the Sel- 
borne scheme was its abolition of the old class distinctions that formerly 
kept the two branches apart. This gulf existed until well within the pres- 
ent century, and’a great many officers now on the active list remember the 
penalties that were visited upon a junior who so far forgot himself as 
to consort with his engineer shipmates more closely than service routine 
required. . Those bad old days are gone, as every rational person hopes, 
forever. The only danger of their recurring is that the engineer branch 
may not offer sufficient prospects..to. keen and ambitious officers past a 
certain stage of promotion, and it was with a view to averting that peril 
that the Admiralty lately decided to enlarge the number of responsible ap- 
pointments open to engineer officers afloat and ashore. Should this ex- 
pedient’ fail to attract the requisite proportion of officers. to the engineer- 
ing branch some alternative scheme will have to be worked out. Above 
all things, however, it is important to preserve the system of common 
entry, which is the one sure safeguard against the restoration of the in- 
vidious caste spirit, which, in our judgment, would be most injurious to 
naval efficiency. 

If further evidence is desired on this point it will be found in the rec- 
ord of the German Fleet during the war. In that service the engineer 
officer was regarded and treated as an inferior, both professionally and 
socially, and care was taken to see that only applicants of a humble social 
grade were accepted for the branch. This snobbery was carried to such 
_an extreme that only two years before thé war a German engineer offi- 
cer wlio took his wife to call upon an executive officer serving’ in the 
same ship was severely disciplined for his “presumption.” In these cir- 
cumstances it is not surprising ‘that the engineering efficiency of the Ger- 
man Fleet during the war left a good deal to be desired.) Admiral von 
Pohl’s ‘correspondence is full of complaints on this head: There were 
occasions when all the best ships of the High Sea Fleet were disabled by 
engitie-room defects, and the position had not improved by the time 
Scheer took over command, for his book records numberless instances of 
the same trouble. It was exceedingly rare for any German ship to attain 
her trial speed when in action, whereas in our service nearly every ship 
bettered its’ trial performance, and notorious lame ducks steamed with the 
best when a special effort was needed—‘ The Naval and Military Rec- 
ord,” August 4, 1920. 








NOTES. 831 


“STILL” AND “SULZER” MARINE ENGINES. 


Comparative. TRIALS oF “St” anp “SuizEr” Encrnes Unper Actuat 


Workinc Conpirions on Boarp Su1p.* 
By Mr. Wuuiam Denny. 


In the year 1913, Messrs. William Denny and Brothers took out a 
license from the firm of Sulzer Brothers, Winterthur, for their special 
type of oil engines. To obtain experience in the manufacture of such 
engines, they arranged to proceed with small twin-screw engines of about 
250.1.H.P., in all, and to build a hull in which these engines would be 


thoroughly tested—both the hull and the power of the engines arranged 


for corresponded with a standard type of light draught passenger and 
cargo. steamer, of which.a number had been built for service in the rivers 
of India and Burmah, These vessels are 100 feet long, 23 feet 6 inches 
beam, and 7 feet 6 inches deep, and have an approximate speed of 10 
knots with 250.I.H.P. When war broke out the hull and engines for this 
experiment were well advanced, but under “control” conditions the work 
on them was stopped to make way for the pressing requirements of the 
Government. 

For some time before the war the firm had been interested in the 
“ Still” engine; fairly early in the war period it was arranged, with the 
consent of the Admiralty, that an experimental Still installation, to cor- 
respond with the hull already mentioned, should be proceeded with, being 
twin-screw engines of, in all, 250 I.H.P., or thereby. This arrangement 
was carried out and the vessel with the Still engine was exhaustively tried. 

On..the conclusion of the war it was decided to complete the original 
set of Sulzer engines and fit them to the same hull—the Still installation, 
so far as necessary, being, of course, removed. from the vessel. This ex- 
periment also was duly carried out and the results with both types of en- 
gines are given later. 

In carrying out these comparative trials everything possible was done to 
ensure that the results in all respects would be reliable—the same oil 
was used, the same propellers, the same draught, the vessel was run on the 
mile to check the speed in terms of revolutions, the oil consumption trials 
were ‘repeated several times, and during each trial were checked at stated 
time intervals, and it is considered that the results as given may be re- 
garded as reliable. 

The Sulzer type of oil engine is well known and the Still system has 
been. fully described in a paper read by Captain F. E. D. Acland before 
the Royal, Society of Arts on. May 26, 1919, but, for the information of 
those who have not yet read that paper, it may be stated briefly that the 
Still. type of engine is a combination of the steam and of the internal- 
combustion engine, steam acting on one side of the piston, while oil com- 
bustion. takes place on the other side, within the same cylinder. A small 
boiler is part. of the installation, from which the steam, generated by burn- 
ing oil in. the boiler in. the usual. way, is employed as the starting agent 
for the engine; the boiler also acts as a receiver for the steam derived 
from the waste heat of the exhaust gases of the internal-combustion part 
of the engine.. The feed water is circulated by a pump drawing from the 
bottom, of the boiler and discharging through the tubes of a generator, 
which’ is. heated: by the exhaust gases of the. engine passing round the 
tubes; from thence the water passes to the cylinder jackets of the engine, 
where it is used as the cooling. agent, thus gaining more heat, and there- 





* Paper read before the Institution of Naval Architects, July 8, 1920. 
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after returns to the boiler in the form of steam and water. The steam- 
thus generated is used in the steam end of the cylinder, and adds to the 
power of the engine as a whole. The exhaust gases pass to the atmos- 
phere on leaving the generator. . 

When the engine is running normally, i.e., under “waste-heat” condi- 
tions, no fuel is. burned in the boiler, the steam available being generated 
solely from the heat in the exhaust gases and ftom the heat transferred 
through the cylinder liner to the jacket water. The engine may be run 
at a considerable overload by augmenting the supply of steam through 
burning fuel in the boiler. Owing to the high temperature of the cylin- 

- der jacket cooling water (i.¢., boiler water), the compression pressure in 
the cylinder necessary for the ignition of the fuel is considerably lower 
than is the case in ordinary Diesel engine practice. The cycle of the 
steam portion of the engine is just as in ordinary steam practice, an air 
and circulating pump, condenser, boiler feed pump, &c., forming part of 
the installation.* 

The Sulzer engines in question have cylinders approximately 8%4-inch 
diameter by 1334-inch stroke—four cylinders to each engine—and are of 
the two-cycle type. The Still engines have also four cylinders per set, 
7%4-inch diameter and 15-inch stroke, fitted with a boiler of ‘the Yarrow 
type—they are of the opposed piston type and two-cycle. 

The Still engines were designed with a view to their powers of 
maneuvering being beyond question. It was suggested that a separate 
high-pressure cylinder might be fitted, the other cylinders being the sec- 
ond unit of the ordinary compound engine. By this means some economy 
might have been effected, but this complication was decided against. It 
may be added, while it has nothing to do with the question of relative 
economy of the engines, that the Still engines were arranged to run 
astern under steam only. Owing to this the boiler was larger than would 
be necessary in an engine arranged for astern working with oil also. 

The Sulzer engines on the other hand were made to the patentee’s de- 
sign of 1913. Improvements have been made since then, and it is pos- 
sible that some of these improvements may tend towards greater economy. 
It will be observed that the Sulzer engine cylinder capacity is consider- 
ably larger than that of the Still engine, which has an effect on the vary- 
ing relative consumptions at the different numbers of reVolutions. In the 
Still engine the maximum revolutions without overloading and without 
the use of oil in boiler were about 240. 

A representative of each patentee was present at the trials of his own 
system, and. was satisfied that the trials had been carried out in an ap- 
proved manner. The trials were continued until these representatives 
were unable to suggest any modifications by which better results might 
be obtained. The oil used on the trials was shale 0-85 specific gravity. 
The maneuvering of both types of engines was quite satisfactory. From 
ahead to astern the time was about 5 seconds, and in this respect the Still 
engine had a slight advantage. During the trials, as shown on Fig. 4, the 
Still engine worked entirely under waste heat conditions, i.e., no oil was 
burned in the boiler. - 

It had been suggested that, in the case of the Still engine, oil from the 
cylinders might find its way to the boiler and have a dangerous effect on 
it. With this possibility in view the boiler was frequently examined dur- 
ing the trials with the Still engine and also at their termination and there 

* As the experimental engines in question were started, and maneuvered astern, 
under steam, and, as in this case, the solid oil injection principle was adopted, neither 
storage of compressed air nor compressor was necessary or provided. 
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Fig.3. FUEL SHALE 01. SPECIFIC GRAVITY 
(-88) AT 60°F. CALORIFIC VALUE 
ABOUT 19,000 8.T.U. (GROSS). 
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was practically no oil deposit found. On the other hand the. feed water 
filters required frequent attention. The generators remained clean 
throughout the trials. 

The Sulzer engines were entirely constructed by the firm of William 
Denny and Brothers, but in the manufacture of the Still engines owing to 
pressure of work in their own establishment, the assistance and co-opera- 
_ of Messrs. T. A. Savery and Co., Limited, Birmingham, was arranged 

or. 

In carrying out the trials, the principal aim was to ascertain accurately 
the oil used in terms of the speed of the vessel, being the point of view 
most likely to appeal to the shipowner. The following diagrams are ap- 
pended: Fig. 1, Sulzer engine, indicator cards; Fig. 2, Still engine, oil 
and steam, indicator cards; Fig. 3, thermal efficiency (approximate) ; Fig. 
4, oil consumption in terms of revolutions (or speed); Fig. 5, indicated 
horsepower and shaft horsepower in terms of revolutions. Fig..6, Sulzer 
engine in section; Fig. 7, Still engine in section, with its boiler; Fig. 8, 
general arrangement of the Sulzer and Still- installations. 

The shaft-horsepower was taken by torsionmeter. The facilities for 
fitting this gear were limited, and the results must be regarded as.approx- 
imate. The thermal efficiency also is only to be regarded as approximate, 
as the exact calorific value of the fuel oil was not available; it was as- 
sumed to be 19,000 British thermal units. The total weight of the Sulzer 
installation is 25 tons, and of the Still installation, with its special acces- 
sories and boiler, 29 tons; but, as previously stated, the boiler was larger 
than would have been necessary if the engines had been designed to work 
astern under oil—‘ Engineering.” 


SERVICE EXPERIENCE WITH CONDENSERS.* 


An ANALYSIS oF THE Causes oF Fariure or Navat, ConpENSER TuBEs, 
WITH SUGGESTIONS AS TO THEIR PREVENTION. 


In the early days of low powers and comparatively high ratio of ma- 
chinery weight in war vessels, a high standard of purity of feed-water 
was not absolutely essential, and owing to its protective qualities a cer- 
tain amount of boiler scale was not particularly objectionable.- Under 

' these circumstances the boilers were frequently worked with a slight 
density, and the admission of small amounts of salt water tothe feed 
was a matter of no great moment, indeed, it would not ordinarily be de- 
tected. Further developments in the direction of greater horsepower per 
unit weight of machinery required the attainment of the maximum boiler 
efficiency compatible with the type of boiler then employed, and the pres- 
ence of any non-conducting scale upon the heating surfaces could no 
longer be tolerated. A high standard of purity of feed therefore became 
essential, and condenser effects, hitherto unnoticed, became more and 
more apparent. A condenser defect which formerly would have been | 
regarded as of little importance is now attended by results which are out 
of all proportion to the magnitude of the defect itself. 





* Abstract of paper read before the Institute of Metals at Barrow-in-Furness, on 
September 16, by Engineer Lieut.-Com. G. B, Allen. 
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EFFECTS OF SMALL FERFORATIONS. 


Among the immediate results following upon such a defect as’ a small 
perforation are :— 

(a) A rise in the density of the boiler water followed by priming (i.¢., 
the passage of water with the steam through the system), with conse- 
quent possible damage to fast-running reciprocating auxiliaries, and’ un- 
due wear (erosion) of turbine nozzles in modern vessels; and unless the 
evaporation is considerably eased and the engines either slowed down or 
stopped, the mechanical damage caused by the water passed over may be 
very corisiderable. 

(b) The deposition of scale upon the heating surfaces. _ 

(c) The commencement of serious corrosive action in the system, in- 
‘cluding both boilers and turbines, the first-named being particularly severe 
in the highly forced boilers of the present day. 

It is on these grounds, both of reliability and durability, that the im- 
portance of maintaining a pure “ feed” rests. 

Fortunately the proportion of defective tubes compared with the num- 
ber of tubes on service is extremely low and is not greater than 50 in 
1,000,000 per annum; but if it be realized that in a large vessel fitted with 
some 48,000 tubes of a total length approximating to 115° miles; such a 
small defect as 1-16-inch diameter hole or one cracked tube’ may render 
the vessel unmanageable in a moment of great stress, it will be evident 
that it is a matter of great importance to secure immunity from such 
defects, and, moreover, one which requires considerable investigation and 
joint co-operation between the manufacturer, the metallurgist and the 
user. 


ERRORS IN DESIGN AND MANUFACTURE, 


Many of the early difficulties experienced were found to be due to 
faulty design and manufacture, but these, which concerned accuracy of 
fitting rather than faults in the tubes themselves, have been gradually 
eliminated. Defects of this nature may be summarized as follows:— 


, Insufficient support oftubes between: the tube plates. 

. Holes»in diaphragm plates too large. p 

. Holes in tube ‘plates too large or too. small. 

. Unsuitable packing. 

. Slackness of furrules in tube plates. 7 

. Steam or drain orifices unsuitably placed, allowing steam and hot 
water, sometimes contaminated with oils, to impinge on certain. tubes. 


Insufficient-support led to undue vibration of the tubes, and although 
this has»been largely rectified by the provision. of suitable and unequally 
spaced diaphragm plates, and by: limiting,.the diameters, of. the tubes and 
the holes through which they pass, a certain clearance must of necessity 
be allowed, and the effect of vibration; more especially in high-speed ves- 
sels, cannot be ignored. Since the adoption of, limiting clearances, defects 
of this character have to all'intents and purposes been eliminated. 

Opinions concerning the suitability, of packing materials vary, and _out- 
side the service there: appears to, be, little uniformity of practice. Experi- 
ence in naval vessels. shows that; the: linen. gromet. made to present Ad- 
miralty specification ‘gives every satisfaction, and.with ferrules and, their 
stuffing boxes screwed to correct gauge, aaticulies. dng .to gland, 
may be regarded as having been coped with successfully. 
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CAUSES OF GENERAL CORROSION. 


Investigations into the general problem ofthe nature:of' the:underlying 
causes of corrosion within the alloy itself have resulted in various theories, 
none of: which have, as yet met with. general acceptance, and, in the a 9 
ent, stage the most we,are,able to do. is. to,endeayor. to. trace each defect 
to its immediate observable source. In. many. cases, this is possible and, is 
a fairly, simple matter; but, i in others, such. as may. be covered, by. the de- 
scription “ general, corrosion,” , considerable difficulty may be experienced. 

The, information available, at: the. Admiralty. is derived from | reports 
forwarded by ships as failures occur. From examination of. reports .re- 
ceived since the cessation of, hostilities, the following, statement has been 
deduced. to show: the, present. causes of failure in the niaeciire in which 


they. have. occurred :— , 
Percent, ~ 

(a) Deterioration at inlet ends......... A We tadloae sos nat 18.. of total failures, 

(b) Perforation, due to. local, pitting:.....,. athe 14-8 

(c). Perforation, due to obstruction... ..,.-j.0+ +++ +. 14:8. _“ ae 

(d). Perforation due to steam impingement. .,......: 54. * y 

be Crushed, ends......-.. diestda steeetbiawsed » Bea, & s 

f) Splitting......... teen EEG AP SS PRE IR act ORE sebee, 10-8 : by 

(g) Perforation. due.to contaminated sirculatingi: 
NRUBIET A sen occas ore ccgtctacicn'# ak vi Sadia ort bclaaieble ce ie 1- He ‘ 

(h) General corrosion chhiaens seinen dias Sictaieglee 3 29-8. * d 


The large seteortion of failures due to deterioration at the inlet ends 
of the tubes is noteworthy. -Generally speaking, there is a marked thin- 
ning away at the ends’ of the tubes (not infrequently accompanied by wear 


of ferrules) culminating in, perforation at from 1 inch to 3 inches from 
the end, 


FAILURE AT TUBE ENDS. 


In many cases where the greatest intensity of the deterioration occurs 
at the upper inside surface of the’ tube the presence of air‘has ‘been held 
to be the chief contributory factor, and under such:circumstances the pro- 
vision of air-releasing devices’at’ thé highest point of the circulating ‘water 
system has proved of marked benefit. However, with all such mechanical 
precautions the evacuation (before entry’to' the :tubes) ‘of air’ which is 
necessarily*in suspension in’ the circulating’ water is‘only: ‘partial. The 
sharp edges,’ both of’ ferrule and: tube, assisted to'some extent ‘by the pos- 
sibility, that the tube and ferrule may not always lie perfectly concen- 
trically, tettd to break the’ flow of water and ‘to form pockets of an un- 
stable nature where air may be reasonably expected to accumulate. 

This ‘type of defect’ has beén“particularly noticeable ‘in: vessels serving 
in’ shallow’ waters containing ‘a’ considerable ‘proportion “of ‘solid! matter, 
‘eg. sand,’ chalk, &c., and this, together with the sat eye high- 
‘water velocity through the: tubes, points’ tothe influence of erosion or 
the abrasive action of gritty particles, as being of considerable impor- 
tance. It appears’ that’ investigations with ‘regard to the elimination’ of 
this type of defect’ must’ take the ‘lines’ of endeavoring to obtain a: metal 

se surface is better ‘able’ to >withstand ‘this abrasive: action. 
ereas in the’ cases'of | tube-end deterioration the nuimber. of'' tubes 
affected in any condenser" (apart ‘from those which octually: fail) sally be 
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considerable, cases of! local pitting are rarely evident in more‘than one or 
two tubes in the condenser ‘concerned, ‘and when once'a failure has ‘oc- 
curred, and the tube: is. plugged. or .replaced,, little,further. trouble is ex- 
perienced. In these cases perforation occurs at isolated spots, and. the 
failure has been generally. considered to, be due.to some, local, defect, ¢.9., 
a spill or lamination. The elimination of defects of this characteris en- 
tirely. a question. of. the manufacture of the mechanically. perfect, tube, 
which desirable result can fly be attained by the drawin; ee na : 
mechanically perfect cast shell. The practice of turning And tae 
shell, even if regarded as, Srertiy for pu ses of exploration Pi ne wnetal 
immediately beneath the surface skins, has’ a considerable phe 
effect toward the reduction\in the number of such. surface. irregularities 
as may be discovered on, sig iting. Pertotations the cause of w 
been directly traced to obstructions, were particularly revalent in coal- 
burning ‘ships where the ashes were discharged. beneath the waterline. 
The, recorded cases where failure has palit arg the impinge- 
ment of steam and water directly on a limited area of outer surface 
of certain tubes are few. Such failures should not occur, vreniges that 
orifices are suitably placed and baffled. : 


FAILURES DUE TO CRUSHING. ° 


The. proportionate. number of failures due to crushing is small, and 
these may be regarded as isolated cases...In no case has it been estab- 
lished that. over-tightening of screwed glands has been resorted. to, and 
the fact that crushing sometimes does occur, serves to emphasize the. i im- 
portance of the tubes being sufficiently hard to stand a. reasonable margin 
of pressure due to tightening up above that absolutely necessary to secure 
watertightness, though it may be remarked that crushing is sometimes ob- 
served as a natural result of the weakening of tubes which have been . 
attacked internally by. corrosion of a general nature. : 

There is some. divergence of opinion as concerning. the most bigrinn pd 
degree of purity of the,70 :29 : 1 alloy, but investigation has shown tha 
large proportion of the tubes which have failed from splitting have bees 
manufactured from. materials of a lower standard of purity. than that 

required, by the Admiralty. specification. 

jr from the question rake mas of constituents the internal condi- 

- tion of; stress in the finished have considerable bearing on the 
liability to season. cracking and splitting. 

The.case in which failure has been direct ascribed to the use of un- 
satisfactory circulating water, is exceptional, but it certainly gives weight 
to a widely held opinion. that the itions under which many condensers 
are worked in the early stages of their life (e.g., in comparatively stagnant 
fitting-out basins contaminated by various kinds of refuse) are conceiv- 
ably of importance as a primary cause’ of tube decay. 

The proportionate number of recorded failures due to general corro- 
sion does not pay sxptat the i ei ortance of this class, these being 
cases of. actual failure only, A corrosion culminating in per- 
foration ; whereas, the Ne great aot cases in which general corrosion 
is present are not recorded, par i s the Possibility, ge dapect: at an un- 


known moment. wih et ‘Leakage 

from electric ce Bi ah op tit Gr ard as being a a conta catise 
of corrosion, but, th tig BM tive Character has been 
obtained in support Of iis “antonio. wes been observed that f failures 


have occurred shortly after the discovery of “earths,” and it is probable 
that the effect, if any, is one of accelefatiom rather than ‘a: primary ‘cause. 
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The general problem of corrosion of.condenser tubes may be conven- 
iently regarded from four ‘different standpoints :— 

1. The arrest or ‘prevention of corrosion in condensers as at en 
constructed. 

2: -The treatment ‘of tubes of accepted composition. 

‘3. The general design of condensers. 

4: The utilization of more suitable alloys than those at present in use. 


The provision of steel protector plates and cast-iron water-ends has 
proved satisfactory in checking the rate of deterioration provided that 
good connections are “ae but at the same time considerable wear of 
the cast-iron ends takes place, and this wear, if excessive, is a very un- 
desirable feature. The present Admiralty practice is to make the tubes 
and tube plates of as nearly the same composition as is practicable and to 
secure steel slabs direct to the tube plates, but from the foregoing re- 
marks it cannot be said that this practice is entirely effective. 

The Cumberland process has been fitted in certain vessels, but beyond 
the fact that it has been found that this process has not arrested decay 
where such decay has been in evidence before the process has been in- 
stalled, the experience gained has not been sufficient to allow of any re- 
liable conclusions being drawn. 

With regard to the treatment of working tubes, the Admiralty (acting 
on a well-known and successful practice of coating corroded copper pipes 
witha film of pitch and marine glue) have experimented with resistant 
varnishes. In the first vessel treated, although a certain degree of pro- 
tection was obtained, it was found that probably as a result of the erosive 
action of the water (but possibly on account of the difficulty of forming’a 
film of even thickness and of satisfactory drying), the varnish became 
washed away in places, this exposing portions of the bare metallic sur- 
face to theaction of the water. Experience with a second vessel has not 
been extensive, but it is understood that general corrosion which formerly 
resulted in comparatively frequent failures has’ been entirely arrested. 
In these cases the varnish bas been applied to the tubes “in place,” and 
dried by the admission of steam to the condénsér. The protective value 
of an oxide film has been suggested by a former ‘report of the Corrosion . 
Committee, and the Admiralty have under observation a vessel fitted ‘with 
tubes on which such’a film has been formed, unfortunately this vessel has | 
done very little steaming and no useful data have as yet been obtained. 

In regard to the elimination of failures caused by surface defects, ¢.g., 
spills, a vessel has been fitted with compound tubes made on the lines sug- 
gested by Sir Charles Parsons,* but here, again, owitig to post-war con- 
ditions it has not been es to obtain any conclusive results. 


EFFECT OF CONDENSER DESIGN. 


The general design of condensers has been found to be closely con- 
nected with tube defects, or rather with the acceleration of deterioration, 
and in particular in regard to certain designs where the whole of ‘the , 
tubes are not drowned. In these designs a few of the upper rows of 
tubes which are situated above the watasiine, ‘have been observed to be 
particularly ptone to. corrosive action, and consequent upo in the general 
i ay | this action is not infrequently accompanied by ‘ wend crushing.” 

The Admiralty have front time to time PPPs, with tubes of vari- 


ee 


* Journal; of the: Institute: of Metals, 1911, nol vi, p. 305. 
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ous: compositions,’ but ‘experience to date has shown that the tubes made 
to Admiralty: specifications: have proved: the: most «satisfactory under 
the varying conditions imposed by naval service: With every precaution 
taken during manufacture and with the adoption of any kriown: preven- 
tive or protective process it must be admitted that freedom:from deteri- 
oration cannot be guaranteed. and it appears that complete immunity, or 
at least a guaranteed life, can only be ‘obtaitied by the employment of an 
alloy other than a simple brass.—‘“ Shipbuilding and Shipping Record.” 


_—_— 


LIGHT CRUISER DESIGN. 


With the recent launch of the Emerald.on the Tyne, all the light cruis- 
ers ordered for the Navy during the war have now. been put. afloat; with 
the one exception of the, Effingham at Portsmouth. The Emerald, and 
her sister-ship the Enterprise, now at.Devonport Dockyard awaiting com- 
pletion, belong to a.class which did not appear. in any. of the lists of.ships 
built during the war, and which it is thought had been abandoned after 
the armistice. The “E” type is, however, so much superior to. the eight 
vessels of the “.D” class that from. the constructive point of. view it isa 
good thing that two-ships of the type: should have been spared. The out- 
standing feature of the Emerald will be, her speed—from 32.to 33 knots— 
which will make her quite the fastest cruiser ever designed for our Navy, 
the previous. limit of design being thirty knots, At this high rate, more- 
over, she will carry seven 6-inch guns, or.one.more*than in. the.“ D” class, 
and will be. infinitely, superior in. armament to the Arethusa, with her 
mixed battery. of two.6-inch and six 4-inch guns,.. As an engineering prop- 
osition. the. design of the Emerald. must.have presented..many difficulties. 
Her tremendous drive of 80,000 horsepower exceeds that of all our battle- 
ships, and also of the battle-cruisor Lion; m fact, only the later battle- 
cruisers. inthe British, American and Japanese. Navies, have a higher 
engine-power. |For. many reasons the design is. most interesting, and al- 
though . progress. in .construction seems..likely to. be..slow,, owing. to. the 
need of, economy, the trials of.such a vessel will be awaited. with much 
keenness.—“ Army and Navy Gazette,” July: 10, .1920. 





IS NAVAL DESIGN IN THE, FLUX? 


Are naval design, construction, strategy and all the rest of it in a state 
of flux? When Beatty led the German fleet into contact with the British, 
Jellicoe, with twenty-five battleships, had the speed and power to close 
in and absolutely annihilate the Germans. Why did he not do so? Be- 
cause of his very proper fear of the torpedo. He escaped torpedo dam- 
age by keeping the German destroyers at such a distance that their tor- 
pedoes were discharged haphazardly, lost their speed before they reached 
the British line, and were easily avoided by maneuvering. 

Have you ever considered that the gas engine is liable to tipset many of 
the. theories and practices of naval construction and warfare? It is a 
thought well worth consideration, and we invite attention’ to it just now. 

Is it not rather strange thatthe British should have scrapped half their 
battleship fleet and. stopped all battleship construction?’ And that’ ‘they 
should so complacently ‘sit down and watch another navy spending ‘seven 
hundred and fifty million dollars on eighteen battleships and” battle-eruis- 
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ers. which, theoretically, when ‘completed, will. wrest) from: ‘her that: pro- 
tective supremacy: at:sea which she has always believed, and. still believes, 
to be:necessary to ‘the security: of her far-flung: empire?) Why ‘this.com- 
placency? If! you asked Admiral Benson;: he :would probably. answer, 
“They are hard up: It:is necessity.” | But:can we be so sure of this?. Is 
it not possible that their vast: war expérience showed :the British that the 
terrific punishing-power ‘of the torpedo, due to new methods. of bringing 
it within» point-blank rangeof the enemy, demands.a radical revision of 
some of our fundamental war concepts? : 

We believe that in future war the torpedo will at last come into its 
own, and it will be the internal combustion enginé that will work the 
change. It gave us the motor'car and the airplane, and now it is perhaps 
destined to dethrone the battleship and battle-cruiser as the supreme ele- 
ments ‘of naval strength. °But‘how? ‘Well, ‘the British have ‘several large 
and fast torpédo-plané carriers. Let'us forecast a duel between a twelve- 
gun, 23-knot Massachusetts, and’ ‘a 32-knot torpedo-plane’ carrier, with 
twice that’ number of planes’ aboard. Steaming’ outside of 16-irich gun 
range, the carrier would ‘send iti her planés which; swooping down from 
great height at 150 miles ‘an ‘hour?'would drop’ their torpedoes within close 
range and return for’ more. But’the bulge will save the ship?) No; for 
the torpedoes will be set to pass underneath the ship and they will be fired 
magnéetically by! the action of the steel ‘mass of ‘the ship itself. And you 
could ‘not put side and bottom bulges, both, upon’ a ship—she would be 
all bulge ‘and but little ship. 
~ “Again, ‘the internal ‘combustion’ engine ‘has opened up another form of 
attack in the shape ofthe so-called one-man torpédo boat—a type which 
is coming along very fast. ‘It begins to look'as though the’ gas-driven, 
high-speed, motor ‘boat, carrying its torpedo discharge below ‘water, would 
fulfill the functions in which the torpedo boat failed utterly and the ‘de- 
stroyer partially. “It has the torpedo efficiency of the destroyer without 
its size and visibility. To hit, the torpedo must be fired’ at close range— 
the Germans’ found that out at Jutland. The torpedo motor: boat’ is so 
small'‘a mark ‘that it can ‘dash ‘tn ‘at thirty knots to’ within’ point-blank 
tange without the anti-torpedo gunner being able to draw a bead tupon 
it, so rapid is the change of ‘range; and twenty-sea-going ‘motor boats 
can be sent in for the cost ‘of ‘one destroyer. ° ’ 

Seaworthiness? Well, they are growing in size, and the latest type 
would have no difficulty in keeping station as part of a fleet organization. 

There are evidences, clear to the close student of naval development, 
that naval theory; construction, strategy: and tactics are very much in the 
flux just now or soon will be—‘ Scientific American,” August 14, 1920. 


—__— 


THE ERA|OF THE EIGHTEEN-INCH GUN. , 


Although: there is not as. yet an 18-inch gun afloat in our Navy, there 
is reason to believe that, already the adoption of the glehyess inet, ae 
is contemplated by the Bureau of Ordnance, If so, we shall probably 
have .a renewal of the old controversy between the advocates of great 
volume as against great weight of fire, suchas more than once has stirred 
up no little. tempest..on the calm waters of bureaucratic procedure and 
found,an echo in the, outside civilian world. Apanshyiet 

‘The contention. thatthe discharge of a large’ volume of projectiles of 
moderate weight is:more effective than that of a smaller number of much 
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greater weight and power, is as old as the history of the rifled gun. The 
question was hotly debated when we moved up from the 'twelve-inch to 
the fourteen-inch gun, and again when! we discarded the fourteen-inch 
for the: sixteen-inch gun; and it is certain that, if the tests of the: new 
naval eighteen-inch gun should be satisfactory, the’ question: will ‘once 
more be threshed out along the old lines: to Yor 

If the eighteen-inch gun should be adopted, it will probably be placed 
on. some! of: our new 43,000-ton ‘battleships. - As designed, they were’ to 
carry twelve 50-caliber sixteen-inch guns, which means  that:on the: same 
displacement and with the same speed, fuel supplies: and general’ accom- 
modations, they will be able to mount: only eight eighteen-inch: guns, par- 
ticularly: ‘if the new pieces ‘are to’ be of 50-caliber length: “Many: people 
will be surprised that a reduction of fifty per cent)in the number of guns 
should be necessary when the caliber is increased only about twelve: pér 
cent, but’ this’ is because the weights of guns and projectiles increase ap- 
proximatély' as the cube of the diameter.’ This applies not: merely to the 
rifle ‘itself, but it saffects: also’ the weight of the mount -ahd the loading 
mechanism, the*total weight ‘of. projectiles:in the magazine; and' so forth. 

In favor of an eighteen-inch gun are the following points: » The gun-is 
more accurate; its range and energy are much greater; the bursting 
charge also is greatly increased, and therefore the destructive: effect, 
when penetration of armor has‘ been effected, is far greater.» 

The’ disadvantages ‘are that not only is the: number of ‘shells delivered - 
in’ a single salvo thirty per cent less for the eight-gun battery, but be- 
cause’ of the greater weight both ‘of:gun and ammunition, the-rate of fire 
is slowed ‘down, so that''the total number of projectiles: delivered: ina 
given time against the enemy is considerably over thirty per cent: less 
than that delivered from the twelve-gun ship. 

Now, bearing in mind, the common saying aboard ship that it is the 
shells which hit that count; it can be seen that there is over a fifty per 
cent better:chance of landing on ‘the enemy with a twelve-gun Indiana 
than! there would: be with an eight-gun Massachusetts. The sixteen-inch 
shell weighs 2,100 pounds, and.if we aim at. the highest, velocities and 
make ‘our eighteen-inch gun: fifty calibers in length, the weight of its. pro- 
jectile: will: probably: be about 3,000 pounds, a fifty per cent increase in 
weight which must necessarily slow. down the! speed of handling... The 
only eighteen-inch gun afloat is the big fellow which the British built for 
the 82-knot ‘cruiser Furious, but subsequently mounted ona monitor and 
used in the bombardment of Zeebrugge. With a view to extending the life — 
of theogun, the British used a heavy projectile weighing 3,600 pounds and 
having°a ‘moderate velocity. : i : , 

Despatches from Washington state that 18-inch guns are to be used on 
two of the new: battle-cruisers.. If.so, one turret and a pair of. guns 
would have to be dropped, leaving these ships. with. six eighteen-inch guns 
in two-gun turrets, which would-be an arrangement similar to that on the 
battle-cruisérs Repulse and Renown, which, mount six fifteen-inch guns in 
three’ turrets... at ett ait ' 

If the eighteen-inch gun is to be adopted because of its superior range, 
it will be possible to utilize it at'the longest ranges only in combination 
with airplane spotting and to make sure of spotting from a point above 
the enemiy’s: ships, it is: necessary. that the attacking ship be accompanied 
by 4 fleet of fighting machines, sufficiently powerful to insure absolute 
superiority in the air—* Scientific American,” July 10,1920, ° : 








eee Sena RNS ~ ee 

















844 NOTES. 


MECHANICAL EFFICIENCY OF OIL ENGINES. 


_ It is generally assumed that the mechanical efficiency of oil engines is 
in the region of 75 per cent. The late Mr. Knudsen, in his paper on 
“ Performance on Service of the Motor-ship Suecia” (“ Transactions of 
the Institution of Naval Architects,” Vol. 55), said that the’ mechanical © 
efficiency of Diesel engines of the type used in that vessel, but with the 
whole of the compression of ‘the air necessary for fuel injection per- 
formed by thé-engines - themselves instead of by auxiliaries, had been 
shown. by bench trials to be 80 per cent. It should be possible by com- 
paring: the screw performances of oil engined ships with those: fitted: with 
reciprocating machinery to arrive ata close estimate of the relative me- 
chanical efficiencies of the two types: Unfortunately very little data 
have been given regarding the trial and sea performances of oil-engined 
ships, and while estimated powers and revolutions may suffice to enable 
engineers to arrive at the dimensions they consider suitable! the actual 
reyolutions: and power may vary very much from the estimated. Unfor- 
tunately also the particulars of the screws with accurate records of power 
and revolutions are very seldom available, at least, these are seldom pub- 
lished. . The late Mr. Hall Brown gave an instance during the: discussion 
on the above paper of the great improvement brought about in the. per- 
formance of the oil-engined vessel Eavestone by an. increase in the diam- 
eter of propeller and a reduction in number of revolutions. It is certain 

. that the high number of revolutions of oil-engined ships leads to low 
screw efficiency, but a compensation seems to be obtained in the greater 
immersion of the screws. The voyage results of oil-engined vessels indi- 
cate a:steadiness in running which is not a feature of the ordinary tramp. 
—* Shipbuilding and Shipping Record,” 





PROPELLER PROBLEMS. 


Some years ago the late Sir Wm. White said that experience in ships 
of high speed and new types had given illustrations of a-most remarkable 
nature of the economies or waste of power: which may be involved in the 
use of suitable or unsuitable propellers. | ‘This experience ‘is not limited 
to warships, but probably no class of ‘vessel has: given more: striking illus- 
trations of what may be done by changes and improvements in screw pro- 
pellers than vessels of the torpedo flotilta.. In these, great economies in 
power atid large advances in speed have resulted from changes in the 
forms or areas of the blades of screw propellers:: In ships: of the cruiser 
class also notable examples of economy in: power can be recorded. In 
the Drake class an alteration to the propeller blades raised the. speed 
from’ 23 ‘to 24 kriots: “The question naturally ‘arises as to. whether. experi- 
inental° investigation could guide to the propeller ‘of’ greatest efficiency 
without ‘the great expense accruing from actual trials with the full sized 
ship. It is certain ‘that our knowledge of screw propellers and. their 
action has been greatly increased since Sir Wm. White made the above re- 
marks, but it is not certain that tank direction can indicate or point to the — 
screw of greatest efficiency. It is wellknown, for example, that cavita- 
tion’ cannot be reproduced in tanks -with ‘model ‘screws, and. it is possible 
that many of the improvements referred to by Sir William. were: due to 
the adoption of more liberal blade atea with a consequent reduction of 
thrust pressures and obviation of cavitation.:. No doubt 4 great deal in the 
way of general direction can be gained from existing, experimental .data, 
but experience is the great thing, and that does not always agree with 
experiment.—“ Shipbuilding and Shipping Record.” 


. 
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JAPANESE NAVAL ESTIMATES. 


Japanese naval estimates presented -to the House of Representatives a 
few days ago provide for the construction of four Dreadnoughts, four 
battle-cruisers, twelve cruisers, and auxiliary vessels. In presenting the 
estimates, the Japanese Minister for the Navy said that the. building 
capacity of the native yards was two capital ships a year. The naval. pro- 
gramme was not, he added, directed against any potential enemy, but. was 
dictated by the insular position of Japan, although the poses of. the 
dispatch of foreign naval strength to the Orient had not been disregarded. 
—“ The Engineer,” July 23, 1920. 


SALE OF BRITISH DESTROYERS. 


_The Admiralty has this week decided to offer for sale no fewer than 
eighty-five destroyers, The vessels listed for sale include, it is stated, the 
Lance, which is believed to have fired the first shot in the war at sea, and 
the Portia, a comparatively modern ship. When these vessels have been 
sold none of the units remaining in’ British destroyer flotillas: willbe 
more than five-years old. In other words, all those on the active list will 
ria constructed since the outbreak of war.—‘ The Engineer,” July 





GEORGE. MONTEFIORE ENDOWMENT. 
TRIENNIAL Prize. 


Article I-A prize, the amount of whichis. the accumulated interest of 
a capital of 150,000 francs of Belgian funds at 3 per cent, is awarded 
every three years as a result of an international. competition, for. the best 
original work presented on scientific advancement and on progress in the 
technical application of electricity in all fields, excluding works of popu- 
larization or of simple compilation. 

Article IIl—The prize bears the name of George Montefiore Foundation. 

Article IIT —Only the.works presented during the three years that pre- 
cede the meeting of the jury will be admitted to the competition. They 
must be written in French or English and may be printed or in manu- 
script. However, the manuscript must be typewritten and in any case 
the jury can decide on the printing. ; 

Article IV.—The jury is composed of ten electrical engineers, five of 
* whom. are Belgians and five foreigners, under the presidency of the di- 
recting professor of the Montefiore Electrotechnical Institute who is by 
right one of the Belgian delegates. 

With the exceptions stipulated by the founder, the latter cannot be 
chosen outside of the holders of the diploma of the Montefiore Electro- 
technical Institute. 

Article V—By a majority of four-fifths in each of the two sections, 
foreign and national (who must to this end vote separately), the prize 
may be as an exception divided. a 

By the same majority the jury can grant a third of the available sum, 
at most, for an important discovery, to a person not having taken part in 
the competition or for a work which, while not coming completely within 
the scope of this plan, shows a new idea that may have important develop- 
ments in the domain of electricity. 
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Article VI—In case the pfizeiis not awarded or’ if the jury only awards 
a partial prize, the entire sum thus made available will be added to the 
sum for ‘thé following triennial’ period. 

Article VII.—The typewritten works may be signed or anonymous. Any 
work' ‘will’ be considered’ anonymous that is not provided «with a legible 
sigtiatiire and the full address ‘of the author. 

Anoriymous works must bear’ a ‘device, repeated on the outside of a 
sealed ‘ envelope with the ‘enclosure; insidé this’ erivelope the name, first 
fame, signature, and residence of the author must’ be legibly written. 

Article VIIL—AMN works; whether printed’ or typewritten, are to be’ sub- 
mitted in twelve copies; they must be addressed post-paid to the Secretary 
and Archivist of the George Montefiore Endowment, office of the Asso- 
ciation, Rue Saint-Gilles, 31, Liége (Belgium). 

The Secretary will acknowledge: the receipt.of contributions, to the 
authors or other senders who make themselves known. 

Article. IX.—The works which ‘the’ jury.‘ decides: to. have printed will be 
published in the Bulletin. de l Association des Ingénieurs. électriciens sortis 
de. l'Institut: électrotechnique- Montefiore; In this publication there will be 
neither ahy expense to them’ nor any rights redounding, to, their. profit. 
Nevertheless, as a compliment, twenty-five copies will,.be ‘set aside for 
them 

Rot this publication the English texts can be translated into French at 
the expense of the Association. 


COMPETITION OF 1917 EXTENDED, AS AN EXCEPTION, To 1921. 


The amount of the prize is twerity thousand fratics. 
The last date for the réception! of works:to be submitted to the jury is 
April 30, 1921. 
The works presented must have clearly written at the top the heading: 
“Work submitted to*the competition of the George Montefiore 
Endowirient, session of 1917'°(1921).”) 
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Marine ENcINEERS’ Hanpsoox. Prepared by a staff of 
specialists)’ ' FRANK Warp’ STERLING, Lieut. CoMMANDER, 
U. S, N. (Ret.), Eprror-1n-Cuter. McGraw-Hiii Boox 
Co., Inc., 239 West 39TH St., New York Crry. 1458 pp. 
and index. Numerous illustrations. ‘Tables. $7.00 net. 

This is a new addition to the deservedly popular line of use- 
ful hand books for engineers and is the first one of its kind 
on this ‘subject, ‘being primarily for marine, but valuable to all 
engineers. It’ contains sections on mathematical tables and 
tormulae, non-ferrous and ferrous metals, heat, fuels and com- 
bustion, marine boilers, turbines and reduction gears, recipro- 
cating engines, marine Diesel engine, vacuum and condensers, 
ship forms and screw propellers, auxiliary machinery, pipes, 
valves -and.fittings, marine electrical installation, lubrication 
and. jubricants, measuring horsepower of marine engines, and 
tests, trials and inspection of machinery, It contains much 
data obtained from the Bureau of Engineering, the U.S. Naval 
Engineering Experiment Station, the U. S. Naval Fuel. Oil 
Testing Plant, and from articles published in this Journal. 
The specialists who furnished material for the various sec- 
tions are well known practical men in their respective fields of 
engineering and their work is well co-ordinated in this book. 

_ The volume is well and carefully prepared and it is believed 
‘will prove of value to the operating engineer and to the stu- 
dent, and to a slightly less degree to the designer. 





NAvAL CONSULTING BOARD OF THE UNITED STATES, BY 
ILoyp N. Scort, Formerty Captain, U. S. A.; Govern- 
MENT PRINTING OFFICE, WASHINGTON, D. C. 

A treatise on the origin and organization of the Board, and 
its part in the industrial preparedness campaign ; its considera- 
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tion of the fuel oil problem of the Navy; the special problems, 
such as listening devices, considered by it; the inventions or 
suggestions, meritorious and otherwise, ‘submitted by the pub- 
lic; and the inventive accomplishments of its members. Some 
of the appendices with their accompanying charts are more 
interesting and instructive than the main body of the work. 





MATHEMATICS FOR ENGINEERS. Part II. By W.N, Rose; 
E. P. Durron anp Co., NEw York. 419 pp. ill. 7.00 net. 

This is the second yolume of a work which is intended to 
give the mathematics necessary for engineers as differentiated 
from that necessary for students, or that given in practical 
books wherein formulae are given with no information as to 
the derivation of them. It covers, in so far as is possible in 
its seope, calculus, differential and integral, spherical trigonom- 
etry, and mathematical probability and least squares, and con- 
tains a number of practical problems. 





Boy’s Book oF SEA Ficuts. By CHetsea Curtis FRASER; 
THomAs Y. CRowett, Company, New York. 333 pp. 28 ill. 

This is a description of sea fights from the time of Sir 
Francis Drake to and including the World War, written in an 
interesting manner, as the title states, for boys, but also inter- 
esting to the older reader. | 
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The regular meeting for the nomination of officers for the 
year 1921 and for other proper business was held at the Navy 
Department, Washington, D. C., on Tuesday, October 5, 1920. 
Nominations were made as follows: 


For President: 

Captain A. J. Hepburn, U. S.N. 
For Secretary-Treasurer: 

Commander J. S. Evans, U. S. N. 


For Member of Council: 
Rear Admiral B. C. Bryan, U..S. N. 
Capt. (C. C.)} Robert Stocker, U. S. N. 
Commander F. J Cleary, U. S. N. 
Commander S. C. Hooper, U. S. N. 
Commander Kenneth Whiting, U. S. N. 
Lt. Commander M. R. Daniels, U. §. C. G. 


A meeting to count votes cast for officers will be held at the 
Navy Department, Washington, D. C., on Thursday, Decem- 
ber 30, 1920, at 4:30 p.m. 

An invitation to join the Federated Engineering Societies 
was referred to a committee to investigate the desirability ‘of 
accepting the invitation, the matter to be placed before the 
membership if the committee so recommends. 

The following committee was appointed to arrange for a 
dinner pursuant to vote of the Society at the — of the 
_ present year: 

Commander F. J. Cleary, U. S. N. 

Lt: Commander W, D; Chandler, U. S. N. 

Lt. Commander John Q Walton, U. S. C. G. 

Lt. Commander F. C. Sherman, U. S: N. 

Commander H. A. Stuart, U. S. N. 
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At a meeting of-the Council held on October 12, 1920, Lt. 
Commander M. R. Daniels, U. S. C. G., was appointed a 
Member of the Council of ‘the Society for the remainder of 
the calendar year 1920, replacing Lt. Commander W. M. 
Prall, U.S. C. G.; who' has been detached» from’ aig in ‘the 
vicinity of Washington,’ D.'C. 

“The Council also’ decided’ that it is necessary ‘to. increase! the 
rate for advertising space inthe’ Journar, of the ‘Society; 25 
percent. This change will be effective with all.contracts figned 
after December 31, 1920. 


The Committee having in'charge ithe dinner to: be given by 
the Society has decided to hold the dinner on Saturday, De- 
cember 18, 1920, at the New Willard Hotel, Washington, 
D. €. Announcement has been sent each active and associate 
member. The Committee would appreciate as “early informa- 
tion as is practicable from those who find it possible to attend. 
It is anticipated. that this will be a most enjoyable gathering. 


The following members and associates have joined. the So- 
ciety since the publication of the last JouRNAL; 


MEMBERS, 
Simpson;-E...P.,A.,, Lt. Commander, U.,S., N. 
ASSOCIATES, , 


McClure, :R:.: C., Lt. (T), Ue So Ny. Naval: Fuel Station, 
Charleston; S.C. 


Sherwood, Carlyle S., 4914 Third Avenue, Los Angeles, ‘Calif, : 
' Wilcos, J. Millick, Chile Exploration \Co., ‘Tocopilla,,.Chile. 
The Secretary-Treasurer ‘ventures! again to remind) members 
that only by prompt’notifieation /of)each| change in,address can 
he be enabled to make sure, thes mrety one, sweanassets ot the 
JouRNAL. Piserte f1 ; 





